Because of rapid developments 
in MCU technology, 


there are many new products 
that were not available 
when 
the MPU, 
MCU, 
and Peripheral 
Data Books 
(DL 139) were initially printed. 


Prior 
to 
an 
actual 
MPUIMCU 
design, 
Motorola 
recommends 
that current technical data be obtained. 
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MOTOROLA'S 
MICROCONTROLLER AND MICROPROCESSOR 
FAMILIES 


Motorola manufactures the industry's most complete selection of solid-state microcontroller 
units 
(MCU) and microprocessor 
(MPU). providing 
the performance 
and design flexibility 
needed by 
the design engineer. 


Motorola's 
family concept has been extremely popular in the MCU industry. This family concept 
was pioneered with the introduction 
of the M6800 Family 1974. Four families have evolved from 
ti'e M6800 Family to fulfill expanding customer requirements. These families are the M68HC11, 
Ml801, 
M6805, and the M6804. Figure 1-1 illustrates the family evolution. 


Numt::rous peripheral devices have been developed and are available to support the MCUs and 
MPUs. 


The M68HC11 Family offers high performance 
in a single-chip 
MCU with Electronic Eraseable 
Programmable 
Read Only Memory (EEPROM). a 16-bit timer, a Serial Communication 
Interface 
(SCI), a Serial Peripheral Interface (SPI). and an 8-bit Analog-to-Digital 
(AID) converter. The M6801 
Family includes 
high performance 
in a single chip with 
Eraseable Programmable 
Read Only 
Memory (EPROM)and SCI.The rapidly expanding M6805 Family is available in a variety of memory 
and package sizes with various special Input/Output 
(1/0) 
functions. 
The M6805 is available in 
High-Density N-Channel Metal Oxide Silicon (HMOS), Complementary Metal Oxide Silicon (CMOS), 
and High-Density Complementary 
Metal Oxide Silicon (HCMOS). The M6804 Family now provides 
the 8-bit processing capabilities that compete in the 4-bit price arena. A One Time Programmable 
Read Only Memory (OTPROM) is also available in the M68HC11, M6804, and M6805 Families. 


Motorola's 
first MCUs and MPUs were produced in HMOS which offered a low cost single-chip 
solution 
in high production 
volumes. CMOS was then introduced which offered very low power 
consumption 
and a wide power supply tolerance at performance 
levels similar to HMOS. The 
introduction 
of HCMOS offered the best of both worlds, with high-density 
and low power con- 
sumption. 
Tables 1-1 and 1-2 list Motorola's 
MCUs, MPUs, and peripheral product line by tech- 
nology. 


The mask RO'" capacities of the present single-chip MCUs range from a low of 512 bytes in the 
M6804 Family to a high of 8K in the M68HC11 Family. Refer to Table 1-3 through 1-7 to determine 
what ROM is offered in the MCU product line. In selecting ROM size, the ROM usage efficiency 
of the instruction 
set should be considered, along with the application to be programmed. 
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HMOS/NMOS 
HCMOS 
CMOS 


MC6800 
MC68705P3 
MC68HC04J2 
MC68HSC05C4 
MC146805E2 


MC6801 
MC68705P5 
MC68HC04J3 
MC68HSC05C8 
MC146805F2 


MC6801U4 
MC6805R2 
MC68HC04P4 
MC68HC705B5 
MC146805G2 


MC68701 
MC6805R3 
MC68HC704P4 
MC68HC705C8 


MC68701U4 
MC68705R3 
MC68HC05A6 
MC68HC805C4 


MC6802 
MC68705R5 
MC68HC05B4 
MC68HC11AO 


MC6803 
MC6805S2 
MC68HC05B6 
MC68HC11A1 


MC6803U4 
MC6805S3 
MC68HC805B6 
MC68HC11A8 


MC6804J1 
MC68705S3 
MC68HC05C2 
MC68HC1103 


MC6804J2 
MC6805U2 
MC68HC05C3 
MC68HC11E1 


MC6804P2 
MC6805U3 
MC68HC05C4 
MC68HCllE9 


MC68704P2 
MC68705U3 
MC68HC05C8 
MC68HC11F1 


MC6805P2 
MC68705U5 
MC68HC05C9 
MC68HC711 
A8 


MC6805P6 
MC6809/9E 
MC68HC05L6 
MC68HC71103 
MC68HC05M4 
MC68HC711 
E9 


MC68HC05P1 
MC68HC811 
E2 


MC68HCL05C4 


MC68HCL05C8 


HMOS/NMOS 
HCMOS 
CMOS 


MC6810 
MC6821 
MC68HC24 
MC68HC34 
MC146818 
MC6840 
MC6844 
MC68HC99 
MC146818A 
MC6845 
MC6850 
MC146823 
MC6852 
MC6854 
MC6898 
MC68488 
MC2672 
MC2674 


EEPROM, EPROM, OTPROM, and/or non-ROM versions are offered in practically all single-chip 
MCUs. These versions serve for limited to high volume applications, 
prototype debugging, 
and 
field trials. EEPROM and OTPROM versions are available in the M6805 and M68HC11 Families. 
EPROM versions are available in the M6805 and M6801 Families. Refer to Table 1-3 through 
1-7 
to determine what is offered in the MCU product line. 


On-chip Random Access Memory (RAM) sizes range from 30 bytes in the M6804 Family to 512 
bytes in M68HC11 Family. The M6805 has versions of 64, 104, 112, and 176 bytes. Architectures 
such as the M68HC11, M6801, and M6805 Families, which permit multi-level 
subroutines 
plus 
ROM and RAM data tables, allow trade-off ROM and RAM utilization. ROM usage can be minimized 
with subroutines 
and look-up tables, while RAM usage can be optimizes with ROM tables and 
fewer subroutines. 


Single-chip 
MCUs are available in 52-pin quad packages as well as the smaller (and lower cost) 
20-pin packages. Five to fourteen pins serve power and control functions 
permitting 
up to 12 I/O 
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pins in a 20-pin package and up to 38 I/O pins in the 48/52 pin verions. All of the MCUs offer 
essentially any mix of inputs and outputs. Higher output drive current is available in the M6805 
Family. 


Expansion Bus 


The non-ROM versions include a bus to access off-chip program memory and additional I/O. The 
M6801 Family also includes a three bus structure for off-chip expansion. The three bus structure 
permits the number of bus pins to be optimized for the amount of address space needed off-chip. 
The M68HCll 
Family can operate in an expanded mode and address up to 64K bytes of external 
memory. 


When an application 
program 
must synchronize with two or more external events, interrupt 
hardware in some form is usually necessary. The M68HCll, 
M6801, and M6805 Families include 
fully automatic interrupts 
(registers are saved) with programmable 
vectors for both an external 
and internal timer. 


Timers are the most frequently 
used on-chip functions. 
Timers may generate interrupts 
to a 
program at a periodic rate, measure external events, and generate measured output waveforms. 
The M68HCll, 
M6801, and M68HC05 devices include a 16-bit timer that may be used to perform 
three of the preceeding functions 
simultaneously. 
The M6805 and M6804 timers consist of a 
programmable 
8-bit counter and selectable 7-bit prescaler. 


Special Functions 


Various members ofthe MCU Families include additional I/Ofunctions. For example, the M68HCll, 
M6801, and some of the M6805 Family include a SCI. The SCI is used for long-range communi- 
cations, as in data transfer from an MCU to a terminal or modem. The M68HCll 
Family and some 
of the M6805 Family also contain a SPI.The SPIis used primarily for serial communication 
between 
chips on the same printed circuit board. Selected members of the M68HCll 
and M6805 Family 
include multi-channel AID converters. The MC6805R/Sversions contain four analog input channels, 
and the M68HCll 
MCUs features up to eight analog input channels. 


The M68HCll, 
M6801, and M6804, and M6805 Families are fully supported 
by a series of eco- 
nomical evaluation modules (EVM). A more powerful development system is also available in the 
HDS-300. The support products are covered in more detail in Chapter 5 Evaluation Modules. 


Tables 1-3 through 
1-7 list the different features available for devices within a family. The tables 
provide information 
as to RAM, ROM, EPROM, timer, etc. Table 1-8 lists the OTPROM devices 
available. 
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DEVICE 


6801 
HMOS 
40 
128 
2048 
29 
16 
64K 
Yes 
P,S 


68701 
HMOS 
40 
128 
2048 
29 
16 
64K 
Yes 
S 


6803 
HMOS 
40 
128 
13 
16 
64K 
Yes 
P,S 


6801U4 
HMOS 
40 
192 
4096 
29 
16 
64K 
Yes 
P,S 


68701U4 
HMOS 
40 
192 
4096 
29 
16 
64K 
Yes 
S 
6803U4 
HMOS 
40 
192 
13 
16 
64K 
Yes 
P 


P = Plastic 
S = Cerdip 


UO = Input/Output 
SCI = Serial Communication 
Interface 


RAM = Random Access Memory 
ROM = Read Only Memory 


EPROM = Eraseable Programmable 
ROM 


DEVICE 


6804P2 
HMOS 
28 
30 
1016 
20 
8 
P,FN 
68704P2 
HMOS 
28 
30 
1020 
20 
8 
S 
6804Jl 
HMOS 
20 
30 
512 
12 
8 
P 
6804J2 
HMOS 
20 
30 
1000 
12 
8 
P 
68HC04P4 
HCMOS 
28 
172 
3700 
20 
8 
P 
68HC04J2 
HCMOS 
20 
30 
1000 
12 
8 
P 


68HC04J3 
HCMOS 
20 
122 
1672 
12 
8 
P 
68HC704P4 
HCMOS 
28 
172 
3700 
20 
8 
S 


Definitions: 


P = Plastic 
S = Cerdip 


FN = Plastic Leaded Chip Carrier 
I/O = Input/Output 
RAM = Random Access Memory 
ROM = Read Only Memory 
EPROM = Eraseable Programmable 
ROM 
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DEVICE 


6805P2 
HMOS 
28 
64 
1110 
20 
8 
P,S,FN 
6805P6 
HMOS 
28 
64 
1804 
20 
8 
P,S,FN 
68705P3 
HMOS 
28 
112 
1804 
20 
8 
S 
68705P5 
HMOS 
28 
112 
1804 
20 
8 
S 
6805R2 
HMOS 
40/44 
64 
2048 
32 
8 
Yes 
P,S,FN 
6805R3 
HMOS 
40/44 
112 
3776 
32 
8 
Yes 
P,S,FN 
68705R3 
HMOS 
40 
112 
3776 
32 
8 
Yes 
S 
68705R5 
HMOS 
40 
112 
3776 
32 
8 
Yes 
S 
680552 
HMOS 
28 
64 
1480 
21 
8 
Yes 
Yes 
P,S,FN 
6805S3 
HMOS 
28 
104 
2720 
21 
8 
Yes 
Yes 
P,S,FN 
68705S3 
HMOS 
28 
104 
3752 
21 
8 
Yes 
Yes 
S 
6805U2 
HMOS 
40/44 
64 
2048 
32 
8 
P,S,FN 
6805U3 
HMOS 
40/44 
112 
3776 
32 
8 
P,S,FN 
68705U3 
HMOS 
40 
112 
3776 
32 
8 
S 
68705U5 
HMOS 
40 
112 
3776 
32 
8 
S 


Definitions: 
P = Plastic 
S ~ Cerdip 
FN = Plastic Leaded Chip Carrier 
I/O ~ Input/Output 
RAM = Random Access Memory 
ROM ~ Read Only Memory 
EEPROM = Eraseable Programmable 
ROM 
SPI = Serial Peripheral Interface 
AID ~ Analog/Digital 
Converter 
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68HC05A6 
HCMOS 
40/44 
176 
4160 
2056 
32 
16 
Yes 
Yes 
P,FN 


68HC05B4 
HCMOS 
48/52 
176 
4160 
32 
16 
Yes 
Yes 
P,FN 


68HC05B6 
HCMOS 
40/52 
176 
5952 
256 
32 
16 
Yes 
Yes 
P,FN 


68HC05C2 
HCMOS 
40 
176 
2096 
32 
16 
P 


68HC05C3 
HCMOS 
40 
176 
2096 
32 
16 
Yes 
Yes 
P 
68HC05C4 
HCMOS 
40/44 
176 
4160 
32 
16 
Yes 
Yes 
P,FN 


68HC05C8 
HCMOS 
40/44 
176 
7700 
32 
16 
Yes 
Yes 
P,FN 


68HC05L6 
HCMOS 
68 
176 
6208 
32 
16 
Yes 
FN 


68HC05M4 
HCMOS 
52 
128 
4K 
32 
8,16 
Yes 
FN 


68HCL05C4 
HCMOS 
4044 
176 
4160 
32 
16 
Yes 
Yes 
P,FN 


68HCL05C8 
HCMOS 
4044 
176 
8K 
32 
16 
Yes 
Yes 
P,FN 


68HSC05C4 
HCMOS 
40/44 
176 
4160 
32 
16 
Yes 
Yes 
P,FN 


68HSC05C8 
HCMOS 
40/44 
176 
8K 
32 
16 
Yes 
Yes 
P,FN 


68HC705C8 
HCMOS 
40/44 
304 
32 
16 
Yes 
Yes 
P,FN 
68HC805B6 
HCMOS 
48/52 
176 
8K 
6208 
32 
16 
Yes 
P,FN 


68HC805C4 
HCMOS 
40/44 
176 
4160 
32 
16 
Yes 
Yes 
P,FN 


146805E2 
CMOS 
40 
112 
0 
16 
8 
P,S,FN 


146805F2 
CMOS 
28 
64 
1089 
20 
8 
P,S,FN 


146805G2 
CMOS 
40 
112 
2106 
32 
8 
P,S,FN 


Definitions: 


P = Plastic 


S = Cerdip 
FN = Plastic 
Leaded 
Chip 
Carrier 
I 0 = Input/Output 
AID = Analog/Digital 
Converter 


SCI = Serial 
Communications 
Interface 


SPI 
= Serial 
Peripheral 
Interface 


RAM 
= Random 
Access 
Memory 


ROM = Read 
Only 
Memory 


EPROM 
= Eraseable 
Programmable 
ROM 


EEPROM 
= Electrical 
Eraseable 
ROM 
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DEVICE 


68HCllAO 
HCMOS 
48/52 
256 
38 
16 
64K 
Yes 
Yes 
Yes 
P,FN 
68HC11A1 
HCMOS 
48/52 
256 
512 
38 
16 
64K 
Yes 
Yes 
Yes 
P,FN 
68HC11A8 
HCMOS 
48/52 
256 
8192 
512 
38 
16 
64K 
Yes 
Yes 
Yes 
P,FN 
68HC11D3 
HCMOS 
40/44 
192 
4096 
30 
16 
64K 
No 
Yes 
Yes 
P,FN 
68HC11E1 
HCMOS 
52 
512 
0 
512 
38 
16 
64K 
Yes 
Yes 
Yes 
FN 
68HC11E9 
HCMOS 
52 
512 
12K 
512 
38 
16 
64K 
Yes 
Yes 
Yes 
FN 


·68HC11F1 
HCMOS 
68HC811E2 
HCMOS 
48/52 
256 
2K 
38 
16 
64K 
Yes 
Yes 
Yes 
P,FN 


Definitions: 
P = Plastic 


FN = Plastic Leaded Chip Carrier 
I/O = Input/Output 
AID = Analog/Digital 
Converter 
SCI = Serial Communication 
Interface 


SPI = Serial Peripheral Interface 
RAM = Random Access Memory 
ROM = Read Only Memory 
EPROM = Eraseable Programmable 
ROM 
EEPROM = Electrical Eraseable ROM 


Device 
OTPROM 
RAM 
I/O 
Timer 
AlD,SCI 
COP 
Pin 
(Bytes) 
(Bytes) 
Bit 
SPI 
Watchdog 
Package 


68HC704P4 
3740 
124 
20 
8 
- 
- 
28-DIP,DW* 


68HC705B5* 
6208 
176 
24 
16 
AID, SCI 
Yes 
52-FNA8-DIP 


68HC705C4' , 
4160 
176 
24 
16 
SCI. SPI 
Yes 
44-FNAO-DIP 


68HC705C8 
7616 
304 
24 
16 
SCI, SPI 
Yes 
44-FNAO-DIP 


68705R3 
3776 
112 
24 
8 
AID 
- 
40-P 


68HC711D3* 
4096 
192 
24 
16 
SCI, SPI 
Yes 
44-FNAO-DIP 


68HC711A8* 
8192 
256 
38 
16 
AID, SCI, SPI 
Yes 
52-FN 


68HC711E9* 
12K 
512 
38 
16 
AID, SCI, SPI 
Yes 
48-DIP,52-FN 


NOTES: 


1. Use MC68HC705C8 for window 
emulation. 


2. Definitions: 


FN = Plastic Quad (PLCCI 
DW = Small Outline (Wide-Body SOIC) 
DIP = Dual-In-Line Package 
RAM = Random Access Memory 
I/O = Input/Output 
AID = Analog/Digital 
SCI = Serial Communications 
Interface 


SPI = Serial Peripheral Interface 


COP = Computer Operating Properly 
3. *Available 
in 1989. 
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MICROPROCESSOR PRODUCTS GROUP 
RELIABILITY AND QUALITY ASSURANCE 
1987 ANNUAL 
RELIABILITY REPORT 
SUMMARY 


The Motorola MOS Microprocessor 
Reliability and Quality Monitor (R&QA) Program is designed 
to generate an ongoing data base of reliability and quality performance for various categories of 
Microprocessor 
products. The primary purpose of the program is to identify negative trends in 
the data so that immediate corrective action can be taken. The program also allows Motorola to 
develop 
a large data base of reliability 
and quality 
results that can be reported quarterly 
to 
customers. The following 
report summarizes the reliability and quality data for 1987. 


The reliability 
monitor tests are conducted on sample groups pulled on a quarterly 
basis from 
major categories of products representing a matrix of processing and packaging technologies. 
Product mix, sample availability 
and equipment capacity may cause the specific sample groups 
pulled for a given quarter to vary from quarter to quarter. Each sample group has a specific set 
of reliability tests associated with it that are appropriate for that product type based on our history 
for that classification. At the end of each quarter, results are reported for all sample groups that 
have completed testing. In addition at the end of each year a complete summary of the 4 quarters 
is reported. 


The quality results that are reported are the electrical and visual/mechanical 
(Average Outgoing 
Quality 
(AOQ), given in parts per million 
defective) for the Microprocessor 
Group. This data 
represents the summary of results from the QC gate operation 
performed on every lot during 
1987. Electrical AOQ represents any AC, DC, or functional 
failure at any temperature 
(each lot 
may be typically 
gated at hot, room or cold temperatures). 
Visual/mechanical 
AOQ represents 
failures such as bent leads, incorrect marking, marking permanency problems, and cracked pack- 
ages. The AOQ reported is the product the process average (ratio of defective devices to largest 
sample size) and the lot acceptance rate. 


A complete Reliability and Quality Assurance (R&QA) system is in place to monitor and control 
the performance of Motorola's 
MOS Microprocessor 
Components. Incoming Quality Control in- 
spects starting wafers, masks, chemicals, package piece parts, and molding compounds. Process 
Engineering and In-Process Quality Control perform step-by-step monitoring 
of the wafer process 
to check oxidation, 
diffusion, 
photolithography, 
ion implantation, 
polysilicon 
deposition, 
metal- 
lization, passivation, and other process operations. 
Final visual, class probe, and capacitance- 
voltage plots complete the wafer area inspection. Environmental monitors are also performed for 
air cleanliness, water quality, temperature, and humidity. 


In the assembly area, In-Process Quality Control performs monitors on equipment performance 
and gate inspections at the major process steps on all lots. The Outgoing Quality Control group 
continues this philosophy 
in the final test area by performing 
electrical and visual-mechanical 
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0.1% (maximum) Acceptable Quality Level (AQL) sampling plan. The visual/mechanical 
inspection 
is also performed to a 0.1% AQL sampling plan. Any lot which fails either of these gates is returned 
to production 
for 100% rescreen. An R&QA Engineering organization 
exists to approve final test 
programs and support the Outgoing Quality Control organization. Test programs are tailored to 
assure all required specifications are met or the devices are rejected. 


The R&QA Engineering 
organization 
is also responsible 
for performing 
qualifications 
of new 
designs and process changes prior to introduction. 
In addition, 
R&QA Engineering establishes 


and maintains 
monitor 
programs to assure processes stay in control once they are qualified. 
Results from these programs provide rapid feedback to correct problems as they occur. 


Supporting 
these efforts is the Metrology 
Laboratory which 
includes both a Standards and a 


Calibration 
Laboratory 
to provide 
National 
Bureau of Standards traceability 
to all production 
measu rements. 


Also offering 
required support are a Chemical Laboratory with such equipment 
as a gas chro- 


matograph/mass 
spectrograph 
and X-ray fluorescent 
systems for detailed 
incoming 
chemical 
analyses; a Surface Analysis Laboratory whose equipment 
includes a Scanning Electron Micro- 
scope (SEM) and a Scanning Auger Microprobe 
(SAM); and a Product Analysis Laboratory for 


detailed analyses of failure modes and mechanisms for Microprocessor 
devices. 


Motorola Microprocessor 
devices are produced in plastic, CERDIP,PGA, and sidebraze packages. 
The ceramic package types are hermetically sealed to protect the integrated circuit from environ- 
mental factors and permit operation over extreme temperature 
ranges. Although 
plastic devices 
are not hermetic, modern epoxies exhibit extremely high moisture resistance, and long lifetimes 
may therefore be expected from these devices in typical environments. 


In recent years, plastic encapsulated devices have gained widespread acceptance throughout 
the 


electronics industry. Improvements 
in materials and process controls have resulted in significant 


improvements 
in reliability 
performance. In addition, plastic packages have the advantage of low 


cost and physical strength. 


Encapsulated integrated circuits incorporate the simpliest 
processing and package construction 


of the various systems available. The die is attached to a leadframe, wire bonded and encapsulated 
using an epoxy novolac molding compound. The die may be attached to the leadframe by epoxy 
or by any of a variety of eutectic forming 
metal preforms. Wire bonding in plastic may be ther- 
mocompression 
or thermosonic, 
but the wire is always gold. The encapsulant is the most critical 


component 
of the system since it controls contamination, 
moisture resistance, and stress effects. 
Epoxy novolacs 
have become the industry 
standard 
molding 
compound 
since they combine 


excellent characteristics 
in all these areas. 


The plastic package is, by far, the most resistant to physical damage since the die is completely 
encapsulated and cavity hermeticity 
is not a concern. Since the package is light in weight and the 


plastic is less brittle than ceramic, chipping and cosmetic damage are not problems. The leadframe 
and plating are equivalent to CERDIP. 


In comparing plastic to ceramic packages, there are two characteristics to be considered: moisture 
resistance and thermal 
characteristics. 
Microprocessor 
plastic products 
perform 
very well on 
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moisture resistance related tests. This is due to advances in molding compounds, the characteristic 
low voltages and the moderate power dissipation of Microprocessor products. In most instances 
plastic devices will provide excellent performance, essentially equivalent to hermetic performance. 
Thermal resistance has been improved dramatically 
through 
the introduction 
of copper lead- 
frames, and this results in lower junction temperatures, and subsequent improvements in electrical 
characteristics and reliability performance. 


Many users of integrated circuits continue to have requirements or preferences for hermetically 
2 


sealed ceramic packages. These requirements are usually based on applications in a highly humid 
environment, 
increased temperature 
range or high power dissipation. 
Motorola produces two 
different types of ceramic packaged devices: CERDIPand sidebraze. 


The sidebraze, or solder seal, package is composed of three layers of alumina which are screened 
with refractory metal such as tungsten or moly manganese and fired together to form the package 
body with a cavity for the die. The refractory metal is then plated and Alloy 42 leadframes are 
brazed to the bottom, sides or top of the package, depending on the vendor. The advantage of 
the sidebraze version is accurate lead alignment without 
the need for forming. The final piece 
part operation is plating, which may be gold or tin with a selective gold plate in the cavity. Although 
epoxy die bonding is feasible in this package - 
due to the higher sealing temperature, 
most 
manufacturers, including Motorola, employ a eutectic bond. Both aluminum ultrasonic wire bond- 
ing and gold thermocompression 
bonding are used in this package. 


The cerdip package is composed of two ceramic piece parts: the base and the cap. Sandwiched 
between these two layers is a leadframe composed of Alloy 42 imbeded in a sealing glass. the 
leadframe requires a forming operation similar to a plastic dip. The die is mounted in this package 
using a eutectic bond while the wire bonds are aluminum 
(ultrasonic). A tin plate is applied to 
the exterior leads of the package. 


Some tradeoffs exist in the performance characteristics of the two hermetic packages as they are 
offered by Motorola. Both typically are ceramic, hermetic, employ a eutectic die bond, use ultra- 
sonic aluminum wire bonding, and have tin plating on the exterior leads. The thermal resistance 
of the packages is very similar, with the sidebraze having a slight advantage. Both packages 
perform well on the standard thermal and mechanical environmental tests, but each is susceptible 
to handling damage. Loose shipping rail packaging or high velocity impacts during testing can 
chip the sidebraze package and sever the interlayer metallization. This type of handling will not 
effect the 10 mil thick leadframe of the CERDIPpackage, but hermeticity failures can occur. The 
CERDIP package is slightly thicker and heavier, but no conductive surfaces are exposed so the 
shorting potential in dense packaging is reduced. Extensive testing of 24, 28, and 40 lead CERDIP 
and sidebraze devices has indicated no significant differences in reliability. 


The following 
paragraphs describe the various reliability test included in Motorola's 
Reliability 
and Quality Assurance Program. 


High temperature 
operating life (HTOL) testing is performed to accelerate failure mechanisms 
which are thermally 
activated through the application of extreme temperatures and the use of 
dynamic operating conditions. The temperature 
and voltage conditions 
used in the stress are 
typically 125°Cwith the bias level at the maximum data sheet specification limit of 5.5 volts. All 
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devices used in the HTOL test are sampled 
directly 
after final electrical test with no prior burn-in 
or other special screening. 
Testing 
is performed 
with 
dynamic 
signals applied to the device for 
a minimum 
test duration 
of 1008 hours. 


Device equivalent 
hours assume the Arrhenius 
relationship 
using an activation 
energy of 0.7 eV 
to extrapolate 
from the device junction 
temperature 
at 125°C (ambient) to the junction 
temperature 
at 70°C (ambient). 
Failure rates given in Failure in Time (FIT) are derived 
using the Chi-Square 
distribution 
to a 90% confidence 
limit. A FIT is one failure 
per billion 
device hours of 0.0001%/ 


1000 hours. 


Tables 2-1 through 
2-3 show the results for the high temperature 
operating 
life test for packaging; 


plastic, plastic leaded chip carrier (PLCC), and ceramic. Each of these tables also lists the different 
technology 
used in the test. Table 2-4 lists the grand totals of Table 2-1 through 
2-3 by technology 
and packaging. 
Figure 2-1 shows a trend chart of the high temperature 
operating 
life by technology, 
and Figure 2-2 is a trend chart of the total of the high temperature 
operating 
life test. 


Table 2-1. High Temperature 
Operating 
Life Test 
PLASTIC 


STRESS VOLTAGE: 
5.5 Volts 
TEMPERATURE: 
125°C 
LONGEST STRESS: 
1008 Hours 


Device 
Test 
125°C 
70°C Equiv. 
Failures 
FITS2 
Type 
Devices 
Device Hrs. 
Device Hrs.' 
0.7 eV 


NMOS DIP 
MC3870 
45 
45,400 
6.49 x 105 
1 
5970 
MC6800 
135 
136,000 
1.42 x 106 
0 
1606 
MC6802 
378 
380,000 
5.41 x 106 
0 
421 
MCM6810 
45 
45,400 
4.13x 
105 
0 
5521 
MC6840 
135 
136,000 
1.37 x 106 
0 
1664 
MC6844 
45 
45,400 
5.00 x 105 
0 
4561 
MC6845 
45 
45,400 
4.09 x 105 
0 
5575 
MC6846 
45 
45,400 
4.57 x 105 
0 
4990 
MC6850 
135 
136,000 
1.63x 106 
0 
1399 
MC6852 
45 
45,400 
7.22 x 105 
0 
3158 
MC6854 
45 
45,400 
3.87 x 105 
0 
5892 
MC68661 
135 
136,000 
1.32x 106 
0 
1727 
MC68652 
45 
45,400 
3.90 x 105 
0 
5847 
MC68901 
45 
45,400 
8.10x105 
0 
2815 
CUSTOM A 
945 
951,000 
2.11 x 107 
2 
252 
CUSTOM B 
525 
530,000 
7.54x 
106 
0 
302 
CUSTOM C 
1834 
1,820,000 
3.76x107 
1 
103 
--- 
--- 
--- 
TOTAL 
4627 
4,633,600 
8.21 x 107 
4 
97 


CMOS DIP 
MC146805E2 
45 
43,000 
1.08x 106 
0 
2111 
MC146805F2 
225 
224,000 
5.71 x 106 
1 
679 
MC146805G2 
89 
74,200 
1.88x 106 
0 
1213 
MC146818 
45 
45,400 
1.17x 106 
0 
1949 
MC146818A 
90 
90,800 
2.34 x 106 
0 
974 
MC146823 
340 
342,000 
8.82 x 106 
0 
259 
--- 
--- 
--- 
TOTAL 
834 
819,400 
2.10x 
107 
1 
185 
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Table 2-1. High Temperature 
Operating 
Life Test 
PLASTIC (Continued) 


STRESS VOLTAGE: 
5.5 Volts 
TEMPERATURE: 
125°C 
LONGEST STRESS: 
1008 Hours 


Device 
Test 
125°C 
70°C Equiv. 
Failures 
FlTS2 


Type 
Devices 
Device 
Hrs. 
Device 
Hrs.' 
0.7 eV 


HMOS 
DIP 
MC2674 
45 
45,000 
6.30x 
105 
0 
3619 
MC2681 
90 
90,800 
1.25x 
106 
0 
1824 
MC6801 
135 
136,000 
1.42xl06 
0 
1606 
MC6801U4 
412 
364,000 
5.09 x 106 
0 
448 
MC6803U4 
45 
43,400 
5.95 x 105 
0 
3832 
MC6804J2 
167 
163,000 
3.16x 
106 
0 
722 
MC6804P2 
90 
88,800 
1.82x 
106 
0 
1253 
MC6805P2 
180 
182,000 
2.67 x 106 
0 
854 
MC6805P4 
43 
41,700 
6.13x 
105 
1 
6321 
MC6805R2 
45 
41,200 
4.36x 
105 
0 
5320 
MC6805R3 
180 
182,000 
1.92 x 106 
0 
1188 
MC6805S2 
45 
45,400 
7.20 x 105 
0 
3167 
MC6805S3 
45 
43,900 
6.99 x 105 
1 
5543 
MC6805T2 
135 
122,000 
1.79x 
106 
1 
2165 
MC6809 
90 
90,800 
1.37xl06 
1 
2828 
MC6809E 
135 
136,000 
2.06x 
106 
0 
1107 
MC68000 
504 
468,000 
7.28 x 106 
0 
313 
MC68008 
45 
45,400 
5.38 x 105 
0 
4238 
MC68010 
45 
45,400 
6.50 x 105 
0 
3508 
MC68230 
45 
45,400 
8.90 x 105 
0 
2562 
MC68681 
43 
41,000 
6.50 x 105 
0 
3508 
--- 
--- 
--- 
TOTAL 
2669 
2,567,200 
3.78 x 107 
4 
211 


HCMOS 
DIP 
MC68HC05C4 
410 
389,000 
9.94 x 106 
1 
390 
MC68HC05C8 
89 
89,800 
2.29 x 106 
0 
996 
XC68HCOOO 
134 
134,000 
3.20 x 106 
1 
1211 
--- 
--- 
--- 
TOTAL 
633 
612,800 
1.55x107 
2 
343 


PLASTIC 
DIP 
8763 
8,633,200 
1.56x1oe 
11 
106 
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Table 2-2. High Temperature 
Operating 
Life Test 
PLCC 


STRESS VOLTAGE: 
5.5 Volts 
TEMPERATURE: 
125°C 
LONGEST STRESS: 
1008 Hours 


Device 
Test 
125'C 
70'C Equiv. 
Failures 
FITS2 
Type 
Devices 
Device Hrs. 
Device Hrs.' 
0.7 eV 


HMOS PLCC 
MC6805R2 
89 
81,900 
8.34 x 105 
0 
2734 
MC6805R3 
450 
430,000 
4.38x 106 
0 
512 
CUSTOM D 
280 
279,000 
5.14x 106 
0 
444 
CUSTOM E 
1189 
1,200.000 
2.20 x 107 
0 
104 
--- 
--- 
--- 
TOTAL 
200S 
1,990,900 
3.24 x 107 
0 
70 


HCMOS PLCC 
MC68HC11 
2155 
2,160,000 
5.66x 107 
14 
356 
CUSTOM E 
416 
417,000 
7.56x 106 
1 
513 
CUSTOM G 
1358 
1,360,000 
2.46 x 107 
2 
216 
--- 
--- 
--- 
TOTAL 
3929 
3,937,000 
S.S7x 107 
17 
266 


CMOS PLCC 
MC146805F2 
45 
45,400 
1.17x 106 
0 
1949 
MC146805G2 
90 
89,000 
2.26x 106 
0 
1009 
MC146818 
45 
45,400 
1.17x106 
0 
1949 
MC146818A 
89 
88,900 
2.26x 106 
0 
1009 
--- 
--- 
--- 
TOTAL 
269 
268,700 
6.S3x 106 
0 
334 


PLCC 
6206 
6,196,600 
1.2Sx108 
17 
184 


Table 2-3, High Temperature 
Operating 
Life Test 
CERAMIC 


STRESS VOLTAGE: 
5.5 Volts 
TEMPERATURE: 
125°C 
LONGEST STRESS: 
1008 Hours 


Device 
Test 
125'C 
70'C Equiv. 
Failures 
FITS2 
Type 
Devices 
Device Hrs. 
Device Hrs.' 
0.7 eV 


NMOS 
MC6821L 
44 
44,300 
6.02 x 105 
0 
3788 
MC6821S 
45 
45,400 
6.18x 105 
0 
3690 
MC6844S 
135 
136,000 
1.96x 106 
0 
1163 
MC6850 
90 
90,800 
1.39x 106 
0 
1640 
MC6850S 
45 
45,400 
6.95 x 105 
0 
3281 
MC6852S 
45 
44,000 
7.96x 105 
0 
2865 
--- 
--- 
--- 
TOTAL 
404 
405,900 
6.06x 106 
0 
376 


HCMOS 
MC68020R 
542 
541,000 
9.59x 106 
2 
554 
MC68605R 
77 
77,000 
1.80x 106 
0 
1267 
MC68824R 
135 
136,000 
3.00x 106 
0 
760 
MC68851R 
144 
145,000 
3.19x106 
1 
1215 
MC68882R 
604 
597,000 
1.40X107 
2 
379 


TOTAL 
230 
230,000 
5.30x 106 
0 
430 
--- 
--- 
--- 
1732 
1,726,000 
3.69x 107 
5 
251 
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Table 2-3. High Temperature Operating life Test 
CERAMIC (Continued) 


STRESS VOLTAGE: 
5.5 Volts 
TEMPERATURE: 
125°C 
LONGEST STRESS: 
1008 Hours 


Device 
Test 
125°C 
70°C Equiv. 
Failures 
FrrS2 


Type 
Devices 
Device 
Hrs. 
Device 
Hrs.' 
0.7 eV 


CMOS 
MC1468705F2 
45 
34,400 
8.57 x 106 
0 
2661 
MC1468705F2S 
90 
908.000 
2.28 x 106 
0 
1000 
--- 
--- 
--- 
TOTAL 
135 
942,000 
3.14x1o& 
0 
726 


HMOS 
MC6803L 
45 
45,400 
6.40 x 105 
0 
3563 
MC6809EL 
45 
45,400 
7.07 x 105 
0 
3225 
MC6809ES 
45 
45,400 
6.25 x 105 
0 
3648 
MC6809S 
90 
90,800 
1.25 x 106 
1 
3100 
MC68701S 
45 
45,400 
4.74 x 105 
0 
4811 
MC68701U4L 
45 
45,400 
6.22 x 105 
0 
3666 
XC68704P2S 
300 
301,000 
6.62 x 106 
1 
585 
MC68705P3 
45 
45,400 
7.00 x 105 
0 
3258 
MC68705S3 
45 
45,400 
4.78 x 105 
0 
4770 
MC68000L 
170 
171,000 
2.53x 
106 
0 
901 
MC68000R 
248 
245,000 
3.93 x 106 
0 
580 
MC68010L 
94 
94,000 
1.52x 
106 
0 
1500 
MC68010R 
45 
45,400 
7.30x 
105 
0 
3124 
MC68230L 
90 
90,800 
1.74x 
106 
1 
2227 
--- 
--- 
--- 
TOTAL 
1352 
1,355,800 
2.28x 
107 
3 
293 


CERAMIC 
3623 
4,433,700 
6.89 x 107 
8 
189 


Table 2-4. High Temperature Operating life Test 
TECHNOLOGY and PACKAGING 


STRESS VOLTAGE: 
5.5 Volts 
TEMPERATURE: 
125°C 
LONGEST STRESS: 
1008 Hours 


Device 
Test 
125°C 
70°C Equiv. 
Failures 
FITS2 
Type 
Devices 
Device 
Hrs. 
Device 
Hrs.' 
0.7 eV 


NMOS 
5,031 
5,039,500 
8.82 x 107 
4 
91 
HMOS 
6,029 
5,913,900 
9.30 x 107 
7 
127 
CMOS 
1,238 
2,030,100 
3.10x 
107 
1 
125 
HCMOS 
6,294 
6,275,000 
1.41 x 108 
24 
224 
DIP 
( 
8,763 
) 
( 
8,633,000 
) 
1.56 x 108 
11 
106 
PLCC 
( 
6,206 
) 
( 
6,196,600 
) 
1.28x 
108 
17 
184 
PLASTIC 
([14,969)) 
([14,829,800)) 
2.84 x 108 
28 
127 
CERAMIC 
[ 3,623) 
[ 4,433,700) 
6.89 x 108 
8 
189 


GRAND 
TOTAL 
18,592 
19,259,300 
3.53 x loB 
36 
117 
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• 
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Figure 2-1. High Temperature Operating Life Trend Chart 
(By Technology) 
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MICROPROCESSOR 
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Figure 2-2. High Temperature 
Operating 
Life Trend Chart 
(Total) 


Temperature 
humidity 
bias (THB) is an environmental 
test performed 
at a temperature 
of 85°C 
and a relative humidity 
of 85%. The test is designed to measure the moisture 
reistance of plastic 
encapsulated 
circuits. 
A nominal 
voltage 
of 5 volts static bias is applied to the device to create 
the electrolytic 
cells necessary to accelerate corrosion 
of the metallization. 
Testing 
is performed 
to JEDEC Standard 
22, Method 
A101. Most groups 
are tested to 1008 hours with 
some groups 
extended 
beyond to look for longer term effects. 


Table 2-5 shows the results of the temperature 
humidity 
bias test. Table 2-6 lists the grand total 
of the devices tested in Table 2-5. Figure 2-3 shows the trend chart for the temperature 
humidity 
bias test. 
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MOTOROLA 
MICROPROCESSOR 
DATA 
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• 


TEMPERATURE: 
85°C 
HUMIDITY: 
85% 
LONGEST STRESS: 
1008 Hours 


Device 
Type 
- 
Failure. 
Per Sample 
- 


168 Hr. 
504 Hr. 
1008 
Hr. 
% Failures 


NMOS 
DIP 
MC6800 
0/68 
0/68 
0/68 
0.00 
MC6802 
0/34 
1/34 
0/33 
2.94 
MC6840 
0/68 
0/68 
0/68 
0.00 
MC6845 
0/34 
0/34 
0/34 
0.00 
MC6850 
0/34 
0/34 
0/34 
0.00 


MC6852 
0/34 
0/34 
0/34 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/272 
1/272 
0/271 
0.37 


HMOS 
DIP 
MC6801 
0/68 
0/67 
0/66 
0.00 


MC6802 
0/34 
0/34 
0/34 
0.00 


MC6803U4 
0/34 
0/34 
0/34 
0.00 


MC6804J2 
0/222 
0/222 
01222 
0.00 
MC6805P2 
0/34 
0/34 
0/34 
0.00 
MC6805P4 
0/34 
2/34 
0/32 
5.88 


MC6805P3 
0/68 
0/67 
0/67 
0.00 


MC6805T2 
0/68 
0/65 
0/65 
0.00 


MC6809 
0/34 
0/34 
0/34 
0.00 


MC6809E 
0/102 
0/1 02 
0/102 
0.00 


MC68000 
0/136 
0/134 
0/134 
0.00 


MC68008 
0/94 
0/94 
1/93 
1.08 


MC68010 
0/34 
0/34 
0/29 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/962 
2/955 
1/946 
0.32 


HMOS 
PLCC 
MC68000 
0/45 
0.45 
0/45 
0.00 


MC68705R3 
0/254 
0.254 
0/254 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/299 
0/299 
0/299 
0.00 


CMOS 
DIP 
MC146804E2 
0/68 
0/68 
0/68 
0.00 


MC146805F2 
0134 
0/34 
0/34 
0.00 


MC146805G2 
0/68 
0/68 
0/68 
0.00 


MC146818A 
0/34 
0/34 
0/34 
0.00 


MC146823 
0/34 
0/34 
0/34 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/238 
0/238 
0/238 
0.00 


HCMOS 
DIP 
MC68HC05C4 
0/102 
0/102 
0/102 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/102 
0/102 
0/102 
0.00 


HCMOS 
PLCC 
XC68HC11A8 
0/231 
0/231 
0/231 
0.00 


MC68HC11 
0/615 
0/615 
0/615 
0.00 


MC68HCOOO 
0/135 
0/135 
0/135 
0.00 


MC68605 
01231 
1/231 
0/230 
0.43 
--- 
--- 
--- 
--- 
TOTAL 
0/1212 
1/1212 
0/1211 
0.083 


MOTOROLA 
MICROPROCESSOR 
DATA 
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Table 2-6. Temperature 
Humidity 
Bias Test 
GRAND TOTAL 


TEMPERATURE: 
85°C 
HUMIDITY: 
85% 


LONGEST STRESS: 
1008 Hours 


- 
Failures 
Per Sample 
- 
Device 
Type 
168 Hrs 
504 
Hrs 
1008 
Hrs 
% Failures 


NMOS 
0/272 
1/272 
0/272 
0.37 
HMOS 
011261 
2/1254 
1/1245 
0.24 
HCMOS 
0/1314 
1/1314 
0/1313 
0.08 
CMOS 
0/238 
0/238 
0/238 
0.00 
DIP 
0/1574 
311567 
1/1558 
0.26 
PLCC 
011511 
1/1511 
011510 
0.07 


GRAND 
TOTAL 
013085 
4/3078 
1/3068 
0.163 


CUM% 
FAILURE 
RATE 


1 -r----------------------------- 


0.9 f------------------------- 


0.8 f------------------------ 


0.7 f------------------------- 
0.6 f------------------------- 


0.5 f------------------------- 


~:~j' 
0.1 
•....-------------------------- 
a I--------------+_-------------t 


YR 
1985 


--- ... 


YR 
1986 
YEAR 


Autoclave, 
like THB, is an environmental 
test which 
measures 
device 
resistance 
to moisture 
penetration 
along the leadframe-plastic 
interface. 
Conditions 
employed 
during 
the test include 
121°C, 100% relative humidity, 
and 15 psig. Corrosion of the die is the expected failure mechanism. 


Autoclave 
is a highly accelerated and destructive 
test performed 
per JEDEC Standard 22, Method 
A102. Testing 
is routinely 
performed 
for 144 hours. 


Table 2-7 lists the results of the autoclave test. Table 2-8 lists the grand total of the devices tested 
in Table 2-7. Figure 2-4 shows the trend chart for the autoclave test. 


II 


MOTOROLA 
MICROPROCESSOR 
DATA 


2-" 


• 


TEMPERATURE: 
121°C 
PRESSURE: 
15 psig 
LONGEST STRESS: 
144 Hours 


Device 
Type 
- 
Failures 
Per Sample 
- 


48 Hrs 
96 Hrs 
144 Hrs 
% Failures 


NMOS 
DIP 


MC6800 
0/44 
0/44 
0/44 
0.00 
MC6802 
0122 
0122 
0/22 
0.00 
MC6840 
0/44 
0/44 
0/44 
0.00 
MC6845 
0/22 
0/22 
0/22 
0.00 
MC6846 
0/22 
0/22 
0/22 
0.00 
MC6850 
0/65 
0/65 
0/65 
0.00 
MC6852 
0/22 
0/22 
0/22 
0.00 


MC6854 
0/44 
0/44 
0/44 
0.00 


MC68661 
0/22 
0/22 
0/22 
0.00 


MC68901 
0/22 
0/22 
0/22 
0.00 
CUSTOM 
A 
0/330 
0/327 
0/326 
0.00 
CUSTOM 
B 
0/462 
0/462 
0/462 
0.00 
CUSTOM 
C 
0/847 
2/846 
0/843 
0.24 
--- 
--- 
--- 
--- 
TOTAL 
0/1968 
2/1964 
0/1960 
0.10 


HCMOS 
DIP 


MC68HC21 
0/22 
0/22 
0/22 
0.00 
MC68HC05C4 
0/114 
0/114 
0/114 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/136 
0/136 
0/136 
0.00 


CMOS 
DIP 


MC146805F2 
0/65 
0/65 
0/65 
0.00 
MC146805G2 
0/44 
0/44 
0/44 
0.00 
MC146818 
0/192 
0/192 
0/192 
0.00 
MC146818A 
0/394 
0/394 
0/394 
0.00 
MC146805E2 
0/22 
0/22 
0/22 
0.00 
MC146805F2 
0/43 
0/43 
0/43 
0.00 


MC146805G2 
0/66 
0/66 
0/66 
0.00 
MC146823 
0/534 
0/534 
0/534 
0.00 
MC1468705F2 
0/34 
0/34 
0/34 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/1394 
0/1394 
0/1394 
0.00 


HMOS 
DIP 
MC2674 
0/22 
0/22 
0122 
0.00 


MC6801 
0/297 
0/297 
0/297 
0.00 
MC6801U4 
1/777 
0/776 
1/776 
0.13 
MC6802 
0/22 
0/22 
0122 
0.00 
MC6803U4 
0/44 
0/44 
0/44 
0.00 
MC6804J2 
0/354 
0/354 
0/354 
0.00 


MC6804P2 
0/66 
0/66 
0/66 
0.00 


MC6805P2 
0/44 
1/44 
0/43 
2.32 
MC6805R2 
0/34 
0/34 
0/34 
0.00 


MC6805R3 
0/98 
0/98 
0/98 
0.00 


MC6805S2 
0/44 
0/44 
0/44 
0.00 
MC6805S3 
0/22 
0/22 
0/22 
0.00 


MC6805T2 
0/66 
0/66 
0/66 
0.00 
MC6809 
0/44 
0/43 
0/43 
0.00 


MC6809E 
0/44 
0/44 
0/44 
0.00 
MC68000 
01110 
0/110 
01110 
0.00 
MC68008 
0/22 
0/22 
0/22 
0.00 
MC68010 
0/22 
0/22 
0/22 
0.00 
MC68230 
0/22 
0/22 
0/22 
0.00 


MC68661 
0/44 
0/44 
0/44 
0.00 


MC68681 
0/65 
0/64 
0/64 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
1/2263 
1/2260 
1/2259 
0.13 


MOTOROLA 
MICROPROCESSOR 
DATA 
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TEMPERATURE: 
121°C 
PRESSURE: 
15 psig 


LONGEST STRESS: 
144 Hours 


Device 
Type 
- 
Failures 
Per Sample 
- 


48 Hrs 
96 Hrs 
144 Hrs 
% Failures 


HMOS 
PLCC 


MC6805R2 
01170 
01170 
0/170 
0.00 
MC68705R3 
01255 
0/255 
0/255 
0.00 
CUSTOM 
D 
0/434 
0/433 
0/432 
0.00 


CUSTOM 
E 
1/693 
0/692 
0/691 
0.14 
--- 
--- 
--- 
--- 
TOTAL 
1/1552 
0/1550 
0/1548 
0.06 


HCMOS 
PLCC 
MC68HC11 
1/1150 
0/1148 
2/1146 
0.26 
MC68HC11A8 
0/320 
0/320 
0/320 
0.00 
MC68HCOOO 
0/135 
0/135 
0/135 
0.00 
MC68605 
0/45 
0/45 
0/44 
0.00 
CUSTOM 
E 
1/363 
1/361 
0/359 
0.55 
CUSTOM 
G 
0/770 
01770 
0/770 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
2/2783 
1/2779 
2/2775 
0.18 


CMOS 
PLCC 


MC146805F2 
0/102 
01102 
0/102 
0.00 
MC146805G2 
0/68 
0/68 
0/68 
0.00 


MC146818 
0/102 
0/101 
0/101 
0.00 


MC146818A 
0133 
0/33 
0/33 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/305 
0/304 
0/304 
0.00 


Table 2-8. Autoclave Test 
GRAND TOTAL 


TEMPERATURE: 
121°C 


PRESSURE: 
15 psig 
LONGEST STRESS: 
144 Hours 


Device 
Type 
- 
Failures 
Per Sample 
- 


48 Hrs 
96 Hrs 
144 Hrs 
% Failures 


NMOS 
0/1968 
211963 
0/1959 
0.10 


HMOS 
2/3815 
1/3810 
1/3807 
0.10 
HCMOS 
2/2919 
112915 
2/2909 
0.17 
CMOS 
0/1699 
0/1698 
011698 
0.00 


DIP 
1/5761 
3/5753 
1/5748 
0.09 


PLCC 
3/4640 
1/4633 
2/4625 
0.13 


GRAND 
TOTAL 
4/10401 
4/10386 
3/10373 
0.106 


MOTOROLA 
MICROPROCESSOR 
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• 


CUM % 
FAILURE 
RATE 


1 r--------------------------- 


0.9 +------------------------ 


0.8 +-.------------------------- 


0.7 +-.------------------------- 


0.6 +-------------------------- 


0.5 +-.------------------------- 


0.4 +-.------------------------------ 


~:~j.: 


0.1 
a --------------<>---------------< 


YR 
1985 
YR 
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YEAR 


Temperature 
cycle testing accelerates the effects of thermal 
expansion 
mismatch 
among the 
different components within a specific packaging system. During temperature 
cycle testing, de- 
vices are inserted into a cycling system and held at the cold (- 65°C) dwell temperature 
for at 
least ten minutes. Following this cold dwell, the devices are heated to the hot (+ 105°C) dwell 
where they remain for another ten minute minimum time period. The system employs a circulating 
air environment 
to assure rapid stabilization 
at the specified temperature. 
The dwell at each 
extreme, plus the two transition times of five minutes each (one up to the hot dwell temperature, 
another down to the cold dwell temperature), 
constitutes one cycle. Test duration 
is for 1000 
cycles with some tests extended to look for longer term effects. 


Table 2-9 lists the test results of the temperature 
cycle test testing at a temperature 
range of a 


- 65°Cto 150°C.Table 2-10 lists the grand total of the devices tested in Table 2-9. Table 2-11 lists 
the test results of the temperature cycle test testing at a temperature 
range of a - 50°Cto 150°C. 


Table 2-12 lists the grand total of the devices and results of Table 2-11. Figure 2-5 shows the trend 
chart for the temperature cycle test. 


MOTOROLA 
MICROPROCESSOR 
DATA 
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TEMPERATURE: 
-65°C 
to +150°C 
STRESS METHOD: 
Air to Air 
LONGEST STRESS: 
1000 Cycles 


Device 
Type 
- 
Failures 
Per Sample 
- 


100 eye 
500 eye 
1K eye 
% Failures 


NMOS 
DIP 


MC3870 
0/38 
0/38 
0/38 
0.00 
MC6800 
01114 
01114 
01114 
0.00 


MCM6810 
0/38 
0/37 
0/37 
0.00 
MC6840 
0/114 
0/114 
01114 
0.00 
MC6844 
0/38 
0/38 
0/38 
0.00 


MC6845 
0/38 
0/38 
1/38 
2.63 
MC6846 
0/38 
0/38 
0/38 
0.00 
MC6850 
0/114 
0/114 
1/114 
0.88 
MC6852 
0176 
0176 
0176 
0.00 
MC6854 
0/38 
0/38 
0/38 
0.00 
MC68661 
0/38 
0/38 
0/38 
0.00 
CUSTOM 
A 
0/307 
01307 
0/307 
0.00 
CUSTOM 
B 
0/115 
0/115 
0/115 
0.00 
CUSTOM 
C 
0/1306 
0/1306 
3/1306 
0.23 
--- 
--- 
--- 
--- 
TOTAL 
0/2412 
0/2411 
5/2411 
0.21 


NMOS 
CERAMIC 
MC6821S 
0/38 
0/38 
0/38 
0.00 
MC6821L 
0/38 
0/38 
0/38 
0.00 
MC6844S 
0/114 
0/114 
0/114 
0.00 
MC6850 
0/114 
0/114 
01114 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/304 
0/304 
0/304 
0.00 


HMOS 
PLCC 


MC6805R2 
0/152 
3/152 
4/149 
4.61 
MC6805R3 
0/38 
0/38 
0/38 
0.00 
CUSTOM 
E 
01153 
1/153 
0/152 
0.65 
--- 
--- 
--- 
--- 
TOTAL 
0/343 
4/343 
4/339 
2.36 


HMOS 
DIP 


MC2674 
0/37 
0/37 
0/37 
0.00 
MC6801 
0/546 
1/546 
2/542 
0.55 
MC6801U4 
0/668 
0/653 
0/638 
0.00 
MC6802 
0/38 
0/38 
0/38 
0.00 
MC6803U4 
0/114 
0/114 
0/114 
0.00 
MC6804J2 
0/76 
0176 
0176 
0.00 
MC6804P2 
01114 
0/114 
0/114 
0.00 
MC6805P2 
0/76 
0176 
0175 
0.00 
MC6805P4 
0/38 
0/38 
0/38 
0.00 
MC6805P6 
1/432 
2/429 
0/427 
0.69 
MC6805S2 
1/38 
0/37 
0/37 
2.63 
MC6805R2 
0/38 
0/38 
0/38 
0.00 
MC6805R3 
01152 
0/152 
3/152 
1.97 
MC6805S2 
0/38 
0/38 
0/38 
0.00 
MC6805S3 
0/37 
0/37 
0/37 
0.00 
MC6805T2 
0/114 
0/114 
0/114 
0.00 
MC6809E 
1/114 
0/113 
0/113 
0.88 
MC6809 
0176 
0176 
0176 
0.00 
--- 
--- 
--- 
--- 


TOTAL 
3/2746 
3/2726 
5/2704 
0.40 


MOTOROLA 
MICROPROCESSOR 
DATA 
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• 


• 


TEMPERATURE: 
- 65°C to + 150°C 
STRESS METHOD: 
Air to Air 
LONGEST STRESS: 
1000 Cycles 


Device 
Type 
- 
Failures 
Per Sample 
- 


100 eye 
500 eye 
1K eye 
% Failures 


HMOS 
CERAMIC 
MC6801L 
0/38 
0/38 
0/38 
0.00 
MC6809EL 
0/38 
0/38 
0/38 
0.00 
MC6809ES 
0/38 
0/38 
3/38 
7.89 
MC6809S 
0/76 
0176 
2176 
2.63 
MC68120L 
0/76 
0/76 
0176 
0.00 
MC68701 
0/38 
0/38 
0/38 
0.00 
MC68701U4L 
0/38 
0/37 
0/37 
0.00 
MC68705P3 
0/38 
0/38 
1/38 
2.63 
MC68705S3S 
0/38 
0/38 
0/38 
0.00 
MC68000L 
0/113 
0/112 
0/112 
0.00 
MC68000R 
0/38 
0/38 
0/37 
0.00 
MC68010R 
0/38 
0/38 
0/38 
0.00 
MC68230L 
0/38 
0/38 
0/38 
0.00 
MC68451L 
0/36 
0/36 
0/36 
0.00 
MC68901L 
0/38 
0/38 
0/38 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
01719 
0/717 
61716 
0.84 


HCMOS 
PLCC 
MC68HC11 
1/538 
0/537 
2/535 
0.56 
MC68881 
0178 
0178 
0178 
0.00 
XC68882 
1/135 
0/134 
0/134 
0.74 
CUSTOM 
E 
0/253 
4/252 
5/246 
3.56 
CUSTOM 
G 
0/1153 
1/1153 
2/1150 
0.26 
--- 
--- 
--- 
--- 
TOTAL 
2/2157 
5/2154 
9/2143 
0.74 


HCMOS 
DIP 
MC68HC05C4 
0/223 
0/223 
0/223 
0.00 
MC68HC05C8 
0/338 
0/338 
3/338 
0.89 
MC68HC21 
01109 
0/109 
0/109 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/670 
0/670 
3/670 
0.45 


HCMOS 
CERAMIC 
MC68020R 
0/77 
0/77 
0/77 
0.00 
MC68605R 
0/231 
0/231 
0/231 
0.00 
MC68824R 
0/231 
0/231 
1/230 
0.43 
MC68851R 
0/77 
0177 
0/77 
0.00 
MC68881R 
0/74 
0/74 
0174 
0.00 
MC68704P2 
01135 
0/135 
0/135 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/825 
0/825 
1/824 
0.12 


CMOS 
PLCC 
MC146805F2 
0/76 
0/76 
0/76 
0.00 
MC146805G2 
01114 
0/114 
0/113 
0.00 
MC146818 
0/38 
0/38 
0/38 
0.00 
MC146818A 
0/76 
0/76 
0/76 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/304 
0/304 
0/303 
0.00 


CMOS 
DIP 
MC146805E2 
0/38 
0/38 
0/38 
0.00 
MC146805F2 
0/190 
0/189 
0/189 
0.00 
MC146805G2 
0/152 
0/152 
01152 
0.00 
MC146818 
0/38 
0/38 
0/38 
0.00 
MC146818A 
0176 
0176 
0176 
0.00 
MC146823 
0/76 
0176 
0/76 
0.00 
MC1468705F2 
0/38 
0/38 
0/38 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/608 
0/607 
0/607 
0.00 
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Table 2-10. Temperature 
Cycle Test 
GRAND TOTAL 


TEMPERATURE: 
-65°C 
to + 150°C 
STRESS METHOD: 
Air to Air 
LONGEST STRESS: 
1000 Cycles 


Device Type 
- 
Failures Per Sample - 


100 eye 
500 eye 
lK eye 
% Failures 


NMOS 
012716 
012715 
5/2715 
0.18 


HMOS 
3/3808 
7/3786 
15/3759 
0.67 


CMOS 
0/912 
0/911 
0/910 
0.00 


HCMOS 
2/3652 
5/3649 
10/3637 
0.47 


PLCC 
212804 
9/2801 
13/2785 
0.86 


DIP 
3/6436 
3/6414 
10/6392 
0.25 


PLASTIC 
5/9240 
12/9215 
23/9177 
0.44 


CERMAIC 
011848 
0/1846 
7/1844 
0.38 


GRAND TOTAL 
5/11088 
12/11061 
30/11021 
0.43 


TEMPERATURE: 
-50°C 
to + 150°C 


STRESS METHOD: 
Air to Air 


LONGEST STRESS: 
1000 Cycles 


Device Type 
- 
Failures Per Sample - 


100 eye 
500 eye 
lK eye 
% Failures 


NMOS DIP 
MC68661 
0/114 
0/114 
0/114 
0.00 


MC68901 
0/38 
0/38 
0/38 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/152 
0/152 
0/152 
0.0.0 


HMOS DIP 
MC6801 
0/231 
01231 
01231 
0.00 


MC6801U4 
on7 
on7 
on7 
0.00 


MC68000 
0/114 
0/114 
0/107 
0.00 


MC68008 
0/38 
0/38 
1/38 
2.63 


MC68230 
0/38 
0/38 
1/38 
2.63 


MC68681 
0/112 
0/111 
0/111 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/610 
0/609 
21602 
0.33 


HMOS PLCC 
MC68HCll 
0/384 
0/384 
0/384 
0.00 
MC68705R3 
0/107 
0/107 
0/107 
0.00 


CUSTOM G 
on37 
W37 
On36 
0.14 
CUSTOM E 
0/154 
0/154 
0/154 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/1382 
1/1382 
0/1381 
0.07 


HMOS PLCC 
MC68HC11A8 
0/80 
0/80 
0/80 
0.00 


MC68881 
W6 
On5 
On5 
1.32 


CUSTOM E 
2/198 
2/195 
1/191 
2.53 


CUSTOM G 
0/308 
0/308 
0/308 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
3/662 
21658 
1/654 
0.92 
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Table 2-12. Temperature 
Cycle Test 
GRAND TOTAL 


TEMPERATURE: -50°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


- 
Failures Per Sample - 
Device Type 
100 eye 
500 eye 
1K eye 
% Failures 


NMOS 
0/152 
0/152 
0/152 
0.00 
HMOS 
0/1992 
1/1991 
2/1983 
0.15 
HCMOS 
3/662 
2/658 
1/654 
0.92 
PLCC 
3/2044 
3/2040 
112035 
0.34 


DIP 
on62 
On61 
2n54 
0.27 


GRAND TOTAL 
3/2806 
3/2801 
3/2789 
0.32 


CUM % 
FAILURE 
RATE 


1. 
0.9 


0.8 


0.7 


0.6 


0.5 
0.4 


0.3 
0.2 


0.1 
o 


YR 
1985 
YR 
1986 
YEAR 


The objective of thermal shock testing is the same as that for temperature 
cycle testing - 
to 
emphasize differences in expansion coefficients for components of the packaging system. How- 
ever, thermal shock provides additional stress in that the device is exposed to a sudden change 
in temperature due to the transfer time of ten seconds maximum as well as the increased thermal 
conductivity 
of a liquid ambient. Devices are placed in a flourocarbon 
bath and cooled to - 65°C. 


After being held in the cold chamber for five minutes minimum, 
the devices are transferred to 
an adjacent chamber filled with flourocarbon 
at + 150°Cfor an equivalent time. Two five minute 
dwells plus two ten second transitions 
constitute one cycle. Test duration is normally for 1000 
cycles with some tests being extended to look for longer term effects. 


Table 2-13 lists the results of the thermal shock test and Table 2-14 lists the grand total of Table 
2-13. Figure 2-6 shows the trend chart for the thermal chart for the thermal shock test. 
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TEMPERATURE: 
- 65°C to + 150°C 
STRESS METHOD: 
Liquid to Liquid 
LONGEST STRESS: 
1000 Cycles 


Device Type 
- 
Failures Per Sample - 


100 eye 
500 eye 
lK eye 
% Failures 


NMOS DIP 
MC2674 
0/34 
0/34 
0/34 
0.00 
MC3870 
01135 
2/135 
01133 
1.48 
MC6800 
0/34 
0/34 
0/34 
0.00 
MC6802 
0/34 
0/34 
0/34 
0.00 
MCM6810 
0/34 
0/34 
0/34 
0.00 
MC6846 
0/34 
0/34 
0/29 
0.00 
MC6850 
0/68 
0/68 
0/67 
0.00 
MC68488 
0/34 
0/34 
0/34 
0.00 
MC68661 
0/68 
0/68 
1/68 
1.47 
--- 
--- 
--- 
--- 
TOTAL 
0/475 
21474 
1/467 
0.64 


HMOS DIP 
MC6801 
0/432 
0/431 
0/431 
0.00 
MC6803U4 
0/68 
0/68 
0/68 
0.00 
MC6804J2 
0/343 
0/343 
0/343 
0.00 
MC6804P2 
0/34 
0/34 
0/34 
0.00 
MC6805P2 
0/68 
0/68 
0/68 
0.00 
MC6805P4 
0/34 
0/34 
0/34 
0.00 
MC6805P6 
0/432 
4/432 
0/428 
0.93 
MC6805R3 
0/34 
0/34 
0/34 
0.00 
MC6805S2 
0/68 
0/68 
0/68 
0.00 
MC6805S3 
0/34 
0/34 
2/32 
5.88 
MC6805T2 
0/34 
0/34 
0/34 
0.00 
MC68661 
0/34 
0/34 
0/33 
0.00 
MC68681 
01102 
01102 
0/95 
0.00 
MC68901 
0/33 
0/34 
0/33 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/1750 
4/1750 
2/1735 
0.34 


HMOS CERAMIC 
MC6801L 
0/38 
0/38 
0/37 
0.00 
MC6850 
0/38 
0/38 
0/37 
0.00 
MC68000L 
0/38 
0/36 
0/36 
0.00 
MC68010R 
0/38 
0/38 
0/38 
0.00 
MC68451L 
0/38 
0/38 
0/36 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/190 
0/188 
0/184 
0.00 


HCMOS DIP 
XC68HC01 
0/34 
0/34 
0/34 
0.00 
MC68HC05C8 
0/68 
0/68 
0/68 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/102 
0/102 
0/102 
0.00 


HMOS PLCC 
MC68HC11 
0/615 
21614 
0/612 
0.33 


HCMOS CERAMIC 
MC68020R 
0/462 
0/461 
1/459 
0.22 
MC68881R 
0/205 
0/205 
01199 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/667 
0/666 
1/658 
0.15 


CMOS DIP 
MC146805G2 
0/34 
0/34 
0/31 
0.00 
MC146805F2 
0/68 
0/68 
0/68 
0.00 
MC146818 
0/34 
0/34 
0/33 
0.00 
MC146823 
0/34 
0/34 
0/34 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/170 
0/170 
0/166 
0.00 


I 
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Table 2-14. Thermal 
Shock Test 
GRAND TOTAL 


TEMPERATURE: -65°C to + 150°C 
STRESS METHOD: Liquid to Liquid 
LONGEST STRESS: 1000 Cycles 


Device 
Type 
- 
Failures 
Per Sample 
- 


100 eye 
500 eye 
lK eye 
% Failures 


NMOS 
0/475 
2/474 
1/467 
0.64 
HMOS 
0/1941 
4/1938 
2/1919 
0.31 
CMOS 
0/170 
0/170 
0/166 
0.00 
HCMOS 
On69 
On68 
1n60 
0.13 
PLCC 
0/615 
2/614 
0/612 
0.33 
DIP 
0/3355 
613350 
4/3312 
0.30 
PLASTIC 
0/3113 
8/3110 
3/3082 
0.35 
CERAMIC 
0/857 
0/854 
1/842 
0.12 


GRAND 
TOTAL 
0/3970 
8/3964 
4/3924 
0.30 


CUM % 
FAilURE 
RATE 
0.3 


0.2 


0.1 


o 


YR 
1985 
YR 
1986 
YEAR 


Data retention testing or high temperature 
storage is performed to measure the stability of the 
programmed 
EPROM and EEPROM devices during 
storage at elevated temperatures 
with 
no 
electrical stress applied. The devices are stored at an ambient of 150°C.An acceleration of charge 
loss from the storage cell is the expected result. All groups are typically tested to 1008 hours. 


Table 2-15 lists the results and the grand total of the data retention test. Figure 2·7 shows the 
trend chart for the data retention bake test. 
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TEMPERATURE: 150°C 
LONGEST STRESS: 1008 Hours 


Device 
Type 
- 
Failures 
Per Sample 
- 


168 Hrs. 
504 
Hrs. 
1008 
Hrs. 
% Failures 


HMOS 
CERAMIC 
MC1468705F2 
0(78 
0(78 
0(78 
0.00 
MC68701U4 
0/44 
0/44 
0/44 
0.00 
MC68705R3 
0/45 
0/45 
0/45 
0.00 
MC68704P2 
0/442 
0/442 
0/442 
0.00 
MC68701 
0/45 
0/45 
0/45 
0.00 
--- 
--- 
--- 
--- 
TOTAL 
0/654 
0/654 
0/654 
0.00 


HMOS 
DIP 
MC68000 
0/100 
0/100 
0/100 
0.00 


HMOS 
PLCC 
MC68705R3 
1/2044 
0/2043 
1/2043 
0.10 


HCMOS 
PLCC 
XC68HC11A8* 
1/385 
0/381 
0/377 
0.26 
MC68HC11A8* 
2/1668 
2/1667 
2/1665 
0.36 
--- 
--- 
--- 
--- 
TOTAL 
3/2053 
212048 
212042 
0.34 


HMOS 
1/2798 
0/2797 
1/2797 
0.07 
HCMOS 
3/2053 
212048 
2/2042 
0.3 
45 


GRAND 
TOTAL 
4/4851 
214845 
3/4839 
0.19 


CUM 
% 


FAILURE 
RATE 


0.5 I 


0.45 • 
0.4 
0.35 
0.3 
0.25 


0.2 
0.15 
0.1 
0.05 
o 
YR 1985 
YR 1986 
YEAR 


The write/erase endurance test measures EEPROM cell operation over an expected life time. All 
cells are alternately cycled for 10,000 cycles between an"erased state "1" and a write state "0" 
at the device high temperature 
specification 
of 85°C. The most common failure mode is failure 
to write a "0" within the 10 msec specification 
limit. 


• 
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Table 2-16 lists the results and grand total of the EEPROM write/erase 
cycling test. Table 2-17 lists 
the average outgoing 
quality 
from year 1979 through 
1987. 


VOLTAGE: 
5.5 Volts 
TEMPERATURE: 
85°C 
LONGEST STRESS: 
10K Cycles 


Device Type 
- 
Failures Per Sample - 


1K eye 
2K eye 
5K eye 
8K eye 
10K eye 
Failure 


HCMOS PlCC 


XC68HC11A8 
1/288 
1/287 
3/286 
0/283 
1/283 
2.10 
IMask: 18960) 
XC68HC11A8 
3/642 
2/633 
2/629 
2/627 
0/625 
1.42 
IMask: 289601 
MC68HC11A8 
1/314 
1/313 
0/312 
0/312 
0/312 
0.64 
IMask: 28960) 
MC68HC11A8 
3/1289 
011286 
011286 
1/1286 
1/1285 
0.39 
IMask: 78960) 


TOTAL 
8/2533 
4/2519 
5/2513 
3/2508 
2/2505 
0.87 


Write/Erase Cycling Failure Rate Calculation 


Device Type 
Test 
85°C 
70°C Equiv. 
Failures 
% 1K eye 
Device 
Device 
Hrs. 
Device eye' 
0.53 eV2 


HCMOS PlCC 


MC68HCllA8 
1244 
12,440,000 
2.58x 
107 
17 
0.090 


(Mask: 1 & 28960) 
MC68HCllA8 
1289 
12,900,000 
2.67xl07 
5 
0.035 


(Mask: 78960 (Current Mask)) 


GRAND TOTAL 
2533 
25,340,000 
5.24 x 107 
22 
0.056 


Goal 
Electrical 
Visual/Mech. 


Time 
Frame 
(PPM) 
AOQ (PPM) 
AOQ(PPM) 


Actual 
Actual 


Year 1979 
3000 
1-)4000 
1-)4500 


Year 1980 
2500 
1-)2000 
1-12500 
Year 1981 
1500 
1725 
1920 
Year 1982 
900 
717 
1103 


Year 1983 
425 
383 
380 
Year 1984 
200 
419 
403 


Year 1985 
80 
272 
137 
Year 1986 
50 
291 
509 


Year 1987 
50 
232 
190 
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The 1987 Microprocessor 
Reliability results indicate that the major product lines have excellent 
overall reliability 
performance. The reliability 
performance of our products is evaluated through 
extensive stress/testing which includes life test, temperature cycle, thermal shock, THB, autoclave, 
and data retention bake. This year's results indicate there are many areas where significant gains 
were made in reliability 
performance as compared to the 1986 results. 


The overall High Temperature Operating Life test result for the year was excellent with a failure 
2 


rate of 117 FITs compared to the 1986 yearly total of 264 
FITs (based on 0.7 eV). Failure rate 
improvements 
were seen in all of the key process technologies during the year. The life test failure 
rate for NMOS was 91 FITswhich is a 55% improvement 
compared to the previous yearly results. 


The HMOS failure rate improved to a 127 FIT level as compared to the 467 FIT level this technology 
achieved in 1986. The HCMOS failure rate was 224 FITs which is a 16% improvement 
in the 1986 
figure. The 5 micron CMOS technology 
achieved a failure rate of 125 FITs which is excellent and 
a significant 
improvement 
over 1986. 


The environmental 
results for 1987 indicate that our products lines are capable of meeting rigid 
environmental 
extremes with very low failure 
rates. The actual stress results for the various 
thermal cycling and moisture tests are detailed below. 


The temperature 
cycle results for 1987 improved 
to an overall 0.43% cumulative 
failure 
rate 
through 
1000 cycles. This is a 51% gain over the 1986 figures. Thermal shock results for this 
period also improved substantially 
to a 0.30% level. These figures are excellent. 


Both temperature humidity bias and autoclave produced improved failure rate performance during 
1987. Temperature 
humidity 
bias achieved a 0.16% cumulative 
failure rate through 
1008 hours. 


The autoclave test for this time frame resulted in a 0.11% figure which is a 56% improvement 
over 1986. 


Data retention bake, which is used to evaluate the ability of the MCU EPROM and EEPROMdevices 
to store charge over an extended period of time, has a cumulative 
percent fallout of 0.19%. This 
figure has improved 42% during 1987 as compared to the previous years results. 


Write/erase cycling, which was begun this year to measure the MCU EEPROM arrays operational 
endurance over an expected life time, resulted in an overall failure rate of 0.056%/1K cycles at 
70°C. The most recent material evaluated in the 4th quarter of 1987 achieved a 0.035%/1K cycles 
failure rate. 


Average Outgoing Quality levels for both electrical and visual/mechanical 
performance improved 
for 1987. The yearly figures are 232 ppm for electrical and 190 ppm for visual/mechanical. 


In summary, 
the Motorola 
Microprocessor 
Product Group's 
products are achieving very high 
levels of reliability 
and quality performance. 
Improvements 
in many key areas have been made 
during the course of the year, and as a group our goal will be to continually upgrade the Reliability 
and Quality of our products. 


For more information, 
contact Microprocessor 
Reliability Engineering at 512/440-2530 or write to: 


Microprocessor 
Reliability Engineering 
Motorola 
Inc. 


6501 William Cannon Drive West 
Austin, Texas 78735-8598 
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Environmental tests are designed to measure device resistance to unusual and severe stress not 
expected under normal operating conditions. Device performance under these conditions is ex- 
pressed as a percent of devices defective and compared to previous results. Life tests, on the 
other hand, accelerate the use conditions of the device with temperature and voltage in a manner 
which is more quantitatively 
correlatable to system operation. Life test failure rates are expressed 
as failures per unit time and are calculated using established principles or probability and statistics. 


The principles of reliability engineering have indicated that failure rates for semiconductor devices 
will take the form of the"bathtub" 
curve (Figure 2-8). 


FAILURE 


RATE 


'--,---------------- 


The following 
three regions are represented in the curve: 
1. Infant Mortality - 
a region of high bur rapidly declining failure rates, usually associated with 
manufacturing 
defects. 


2. Random Failures - 
a region of low, random failures caused by more subtle defects. This 
area of the curve represents the useful part of device life. 


3. Wearout - 
a region of rapidly rising failure rates related to device wearout. Most semicon- 
ductors will not reach this stage before they are replaced because of changes in technology. 


Techniques for calculating life test failure rates assume that the devices being tested have passed 
infant mortality 
and entered the stable random failure portion of the life curve. Failures which 
occur in this area are few and are known to approximate specific probability 
distributions. 
These 
probability 
distributions 
are used to calculate sample failure rates which can be projected to the 
population 
in general through the application of confidence limits. Techniques used to calculate 
life test failure rates for micorprocessors 
are discussed below. 


A failure rate for any sample of life tested devices can be determined by dividing the number of 
failures by the number of device hours. However, this rate will apply to that sample only. Ff you 
are interested in projecting 
from the sample to the population 
in general, you must establish 
confidence limits. The application of confidence limits is a statement of how "confident" 
you are 
that the sample failure rate approximates that for the population in general. To obtain rates with 
different confidence levels, it is necessary to make use of specific probability 
distributions 
which 
take the same form as the actual failure distribution. 
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It has been determined that failures in semiconductors 
that have entered the middle portion of 
the bathtub curve will approximate a Poisson distribution; 
this distribution 
applies when one has 
a large sample with an extremely small number of events of interest, such as device failures. 
Given a Poisson failure process, a Chi-Square distribution 
can be used to establish confidence 
limits for failure rates. R&QA Engineering has determined that the following 
general formula, 
which utilizes values from a Chi-Square table, can be used to calculate failure rates for semicon- 
ductors: 


2(0: , d.f) 


~""X 
--- 


2t 


= Failure Rate 
= Chi-Square Function 
100 - 
Confidence Level 


100 


= Degrees of Freedom = 2r + 2 
= Number of Rejects 
= Device Hours 


To calculate the failure rate, first determine the level of confidence you require and calculate 
degrees of freedom. 
Select the Chi-Square value for a Chi-Square distribution 
table with the 
appropriate degrees of freedom and confidence level. Divide that value by twice the actual device 
hours, at the temperature of interest. 


The above formula applies for calculating a device failure rate, provided that the test is conducted 
at system temperature. However, since we are unable to observe long-term effects which develop 
over time, the test is accelerated through the application of a high temperature. In oder to calculate 
a failure rate at the ambient temperature of a system, a factor must be supplied to compensate 
for the acceleration. The factor (Fa) which equates test temperature 
with rated temperature 
is 
derived from the Arrhenius relationship: 


Fa= exp( (<f>/k)· 
i.!.. - ~ 


Tr 
Tt 


Fa 
= Acceleration Factor 


<f> 
= Activation Energy, eV 
k 
= Soltzman's Constant, 8.62 x 10- 5eV/K 
Tr 
=Junction Temperature, K at the Rated 
Ambient of 70°C 
Tt 
= Junction Temperature, K at the Life Test 
Ambient of 125°C 


Motorola 
uses 70°C for the system temperature 
(To) to more closely approximate 
the actual 
temperature 
of the device during system operation and to supply a degree of conservatism to 
the failure rate calculation. 


Motorola uses an activation energy value of 0.7 electron volt. A 0.7 eV was selected as an average 
value because a variety of different failure mechanisms exist for microprocessor 
and other VLSI 
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devices, with activation energies ranging from 0.40 eV for oxide related failures to 1.0 eV or greater 
for contamination 
and metal related failures. Tr and Tt of the equation are the average junction 
temperatures present at the rated and test ambients. Motorola uses junction, rather than ambient 
temperature, 
because they produce acceleration factors that are more conservative and repre- 
sentative of actual conditions. These temperatures are calculated as follows: 


TJ 
TA 
PD 
8JA 


= Junction Temperature, °C 
= Ambient Temperature, °C 
= Average Power Dissipation, Watts 
= Thermal Resistance - 
Junction to Ambient, 


°C Per Watt 


Once this step has been completed, the acceleration factor can be calculated and applied as a 
multiplier 
to the number of device test hours under accelerated test conditions to determine the 
equivalent 
number of hours at rated operating conditions. 
To determine the failure rate at the 
operating temperature 
use equation (1) substituting 
the equivalent device hours at rated tem- 
perature for t in the equation. 


Equation (1) provides a failure rate expressed in percent per thousand hours. This number, stated 
as a percentage per each thousand hours of operation, is one way Motorola R&QA Engineering 
expresses failure rates for Microprocessors. One other way of expressing failure rates is Failures 
In Time (FITs) which refers to failed units per 109 device hours (1 FIT= A. x 104). 


Mean Time To Failure (MTIF) is another parameter frequently used to express failure rates. MTIF 
is the average time to a failure of a nonrepairable item such as a semiconductor and is expressed 
as the reciprocal of the failure rate: 


1 
MTIF=- 


A. 
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This chapter (found in both Volume I and Volume II) contains the data sheets 
for the Microprocessors, Microcontrollers, and Peripheral devices. For information 
on packaging, refer to Chapter 4. Ordering forms are located in Chapter 6. 


MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
Programmable 
Video Timing Controller 
(PVTC) 


The MC2672 
programmable 
video 
timing 
controller 
(PVTCI is a programmable 
device 
designed 
for 
use in CRT terminals 
and displays 
systems 
that 
employ 
raster 
scan techniques. 
The PVTC gener- 
ates the vertical 
and horizontal 
timing 
signals 
necessary 
for the display 
of interlaced 
or non-inter- 
laced 
data 
on a CRT monitor. 
It provides 
consecutive 
addressing 
to a user specified 
display 
buffer 
memory 
domain 
and controls 
the CPU-display 
buffer 
interface 
for various 
buffer 
configuration 
.modes. 
A variety 
of operating 
modes, 
display 
formats, 
and timing 
profiles 
can be implemented 
by 
programming 
the control 
registers 
in the PVTC. Applications 
include 
CRT terminals, 
word-process- 
ing systems, 
small 
business 
computers, 
and home 
computers. 


• 
4 MHz Character 
Rate 


• 
Up to 256 Characters 
Per Row 


• 
1 to 16 Raster 
Lines 
Per Character 
Row 


• 
Up to 128 Character 
Rows 
Per Frame 


• 
Programmable 
Horizontal 
and Vertical 
Sync 
Generators 


• 
Interlaced 
or Non-Interlaced 
Operation 


• 
Up to 16K RAM Addressing 
for Multiple 
Page Operation 


• 
Automatic 
Wraparound 
of RAM 


• 
Addressable, 
Incrementable, 
and Readable 
Cursor 


• 
Programmable 
Cursor 
Size, Position, 
and Blink 


• 
Split 
Screen 
and Horizontal 
Scroll 
Capability 


• 
Light 
Pen Register 


• 
Selectable 
Buffer 
Interfce 
Modes 


• 
Dynamic 
RAM 
Refresh 


• 
Completely 
TTL Compatible 


• 
Single 
+ 5-Volt 
Power 
Supply 


• 
Power-On 
Reset Circuit 


Data Sheets 
Volume 
I and II • 
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BLOCK DIAGRAM 


CE 
Interface 
Control 
CTRLl 


Initialization 
Display 


R 
and Display 
Memory 
CTRl2 


Handshake 


W 
Read/Write 


Registers 
logic 
CTRl3 
Control 
logic 


Command 
Decode 
Display 


logic 


Address 
Timing 
MUltiplexers 


Address 
Interrupt 


Decoder 
logic 
and 


Status 


Register 
Cursor, 


Pointer, 
and 
Light 
Pen Strobe 


B 


Light 
Pen 


Registers 


INTR 


Cursor 
and 


CURSOR 
Compare 
Data 
Bus 
logic 


Drivers 


~ 


HSYNC 


~ 


CClK 
Clock 
Timing 
Chain 


VSYNC/CSYNC 
and 
Buffer 
Decode 
Logic 


BLANK 


Timing 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
-0.3 
to +7.0 
V 


Input 
Voltage 
Vin 
0.3 to + 7.0 
V 


Operating 
Temperature 
Range 
TA 
o to 70 
·C 


Storage 
Temperature 
Range 
Tstg 
55 to + 150 
·C 


This 
device 
contains 
circuitry 
to 
pro- 


tect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields; 


however, 
it is advised 
that 
normal 
pre- 


cautions 
be taken 
to avoid 
application 


of any voltage 
higher 
than 
maximum- 


rated 
voltages 
to this 
high-impedance 
circuit. 
For proper 
operation 
it is rec- 


ommended 
that 
Vin 
and 
Vout 
be con- 
strained 
to 
the 
range 
GND,,;(Vin 
or 


Voutl,,;VCC. 
Reliability 
of operation 
is 


enhanced 
if unused 
inputs 
are tied 
to 
an appropriate 
logic 
voltage 
level 
(e.g., 


either 
GND 
or VCC). 


Characteristic 
Symbol 
Value 
Rating 


Thermal 
Resistance 
6JA 
50 
·CIW 


Plastic 
Package 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-2 


The average 
chip-junction 
temperature, 
TJ, in °c can be obtained 
from: 


TJ=TA 
+(Po 
° 6JA) 


where: 


TA 
6JA 


= Ambient 
Temperature, 
°c 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient,OCIW 


= PINT+ 
PPORT 


= ICCxVCC, 
Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Oissipation, 
Watts 
- 
User 
Oetermined 


Po 
PINT 
PPORT 


For most applications 
PPORT<PINTand 
can be neglected. 
PPORT may become 
significant 
ifthe 
device 
is configured 
to drive 
Oarlington 
bases 
or sink LEO loads. 
An approximate 
relationship 
between 
Po and TJ (if PPORT is neglected) 
is: 


Po = K -;-(T J + 273°C) 
(2) 


Solving 
equations 
(1) and (2) for 
K gives: 


K = Poo(TA + 273°C) + 6JAoP02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. 
K can be determined 
from 
equation 
(3) by measuring 
Po (at 
equilibrium) 
for a known 
TA. Using 
this 
value 
of K. the values 
of Po and TJ can be obtained 
by solving 
equations 
(1) and 
(2) iteratively 
for any value 
of TA 


Parameter 
Symbol 
Min 
Max 
Unit 


Input 
Low Voltage 
VIL 
-0.3 
0.8 
V 


Input 
High Voltage 
VIH 
2.0 
VCC 
V 


Output 
Low 
Voltage 
(ILoad - 2.4 mAl 
VOL 
- 
0.4 
V 


Output 
High 
Voltage 
(Except 
INTR Outputl 
iLoad ~ - 200 IJ.A 
VOH 
2.4 
- 
V 


Input 
Leakage 
Current 
Vin-O 
to VCC 
lin 
10 
10 
IJ.A 


Hi-Z IOffstate) 
Input 
Current 
Vin - 0.4 to 2.4 V 
ITSI 
-10 
10 
IJ.A 


INTR Open-Drain 
Output 
Leakage Current 
VOH - 2.4 VCC 
ILOH 
- 
10 
IJ.A 


Internal 
Power Dissipation 
PINT 
- 
800 
mW 


NOTE: 
All 
voltage 
measurements 
are referenced 
to ground. 
All time 
measurements 
are at the 
0.8 V to 2.0 V level 
for 
inputs 
and 


outputs. 
Input 
levels 
are 0.4 V to 2.4 V. 


• 
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MC2672B3 
MC2672B4 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 


AO-A2 Setup Time to W. R Low 
tAS 
30 
- 
30 
- 
ns 


AO-A2 Hold Time from W. R High 
tAH 
0 
- 
0 
- 
ns 


cr Setup Time to W. R Low 
tcs 
0 
- 
0 
- 
ns 


cr Hold Time from W. 1i High 
tCH 
0 
- 
0 
- 
ns 


W. R Pulse Width 
tAW 
250 
- 
250 
- 
ns 


Data Valid after R Low 
too 
- 
200 
- 
200 
ns 


Data Bus Floating after A High 
tDF 
- 
100 
- 
100 
ns 


Data Setup Time to W High 
tDS 
150 
- 
150 
- 
ns 


Data Hold Time from W High 
tDH 
10 
- 
5 
- 
ns 


High Time from CE to CE Isee Note 21 
Consecutive 
Commands 
tcc 
600 
- 
600 
- 
ns 


Other Commands 
300 
- 
300 
- 
ns 


NOTES: 
_ 
1. Timing 
is illustrated 
and specified 
referenced to Wand 
A inputs. Device may also be o~ated 
with CE as the "strobing" 
input. In this ase, all timing 
specific1!!ions apply referenced to falling and rising edges of CEo 
2. This specification 
requires that the CE input be negated (high) between read and/or write cycles. 
3. All voltage 
measurements 
are referenced to ground. 
All time measurements 
are at the 0.8 V to 2.0 V level for inputs and 
outputs. 
Input levels are 0.4 V to 2.4 V. 


00-07 IWritel 
{~:,'" 
K__ 


tD 


_ 


H 


_ 
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'MC267283 
M2I72II4 


Pal'llmeter 
Symbol 
Min 
Max 
Min 
Max 
Unit 


CCLK Period 
tccp 
370 
- 
250 
- 
ns 


CCLK High Time 
tCCH 
125 
- 
100 
- 
ns 


CCLK Low Time 
tCCL 
125 
- 
100 
- 
ns 


Output Delay Time from ~ 
Edge 
tcco 
OAODO-OA0013. BCE.WDB. ROB. MBC 
40 
175 
40 
150 
ns 
BLANK. HSYNC. VSYNC/CSYNC. CURSOR. BEXf. BREO. BACK 
40 
225 
40 
200 


NOTES: 
1. BCE.WOB. and ROB delays track each other within 
10 nanoseconds. Also. these output delays will tend to follow the direction 
(minimum/maximum) 
of OAOOO-OA0013 delays. 


2. All voltage measurements 
are referenced to ground. All time measurements 
are at the O.BV to 2.0 V level for inputs and 
outputs. 
Input levels are 0.4 V to 2.4 V. 


NOTES: 


1. OAODO-OA0013. BLANK. HSYNC. CSYNCIVSYNC. CURSOR. BEXT. BREO. BCE. MBC. BACK. 
2. BCEchanges state on both ceo< edges. 
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MCZ67ZB3 
MCZ67ZB4 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
READY/RDFLGLow from W HIGH 
tRDL 
- 
tcCp+30 
- 
tCCp+30 
ns 
mK Hiah froni Plmrn Low 
tBAK 
- 
225 
- 
200 
ns 
BEJrr High from Plffirn High 
tBXT 
- 
225 
- 
200 
ns 
Light Pen Strobe Setup Time to CCLK Low 
tLPS 
120 
- 
120 
- 
ns 
Light Pen Strobe Hold Time from CCLK Low 
tLPH 
-10 
- 
-10 
- 
ns 
rnT1f Low from ~ 
Low 
tlRL 
- 
225 
- 
200 
ns 
rnT1f High from W. 1f High 
tlRH 
- 
600 
- 
600 
ns 


NOTES: 
1. Timing is illustrated and specified referenced to Vii and R inputs. Device may also be operated with CE as the "strobing" 
input. In this case. all timing specifications apply referened to falling and rising edges of CE. 


2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


''''~-- 


Line Zero and 
Split Screen 
Status Bit 
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Wfora\ 
Delayed 
Command 


~ 
Ready 
or 
t_R_DLr 


RDFLG 
Status 
\ 
Bits 
• 
_ 
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~~ 
~ 
.. 
D· 
ed S 
First Displayed Scan 
Last 
Isplay. 
can ~Vertical.Front.porch 
_ Y.!H+vertical 
SYNC-+vertical 
Back Porch _ Y.!H 
of Odd Field 
of Even Field 
I - 
Pulse 
+olY.!H~ 
J 


CSYNC 
~ 


_____ 
~~I •••I 
.~HP~d 
____________ 
Vertical Blanking Interval 
~;" 
LJ L 


Horizontal 
Blanking 
Interval 


NOTES: 


1. In non-interlaced 
operation the even field is repeated continuously, 
and the odd field is not. 


2. Interlaced operation the even field alternates with the odd field. 
3. All voltage 
measurements 
are referenced to ground. All time measurements 
are at the 0.8 V to 2.0 V level for inputs and 
outputs. 
Input levels are 0.4 V to 2.4 V. 


The input and output signals for the PVTC are described in 
the following 
paragraphs. 


VCC AND GND 
Power is supplied to the PVTC using these two pins. VCC 
is the +5 volts ±5% 
power 
input and GND is the ground 
connection. 


ADDRESS 
LINES (AD-A21 


These lines are used to select PVTC internal 
registers for 
read/write 
operations 
and for commands. 


DATA BUS (OO-D7) 


These 
lines comprise 
the 8-bit 
bidirectional 
three-state 
data bus. Bit 0 is the least significant 
bit and bit 7 is the most 
significant 
bit. All data, command, 
and status transfers bet- 
ween the CPU and the PVTC take place over this bus. The 
direction 
of the transfer is controlled 
by the read and write in- 


puts 
when 
the chip 
enable 
input 
is low. 
When 
the chip 
enable input 
is high the data bus is in the high-impedance 


state. 


READ STROBE (R) 


This pin is an active low input. A low on this pin while chip 
enable is low causes the contents 
of the register selected by 
AD-A2 to be placed on the data bus. The read cycle begins 
on the falling edge of R. 


WRITE STROBE (W) 


This pin is an active low input. A low on this pin while chip 
enable is also low causes the contents 
of the data bus to be 
transferred 
to the register selected by AD-A2. The transfer 
occurs on the rising edge of Vii. 


CHIP ENABLE I~I 


This pin is an active low input. When 
low, data transfers 
between 
the CPU and the PVTC are enabled 
on DO-D7 as 


controlled 
by the W, A, and AD-A2 inputs. When CE is high, 


the PVTC is effectively 
isolated 
from 
the data bus and DO 
through 
D7 are placed in the high-impedance 
state. 


CHARACTER 
CLOCK ICCLK) 


This pin is the timing 
signal derived 
from 
the video dot 
clock which 
is used to synchronize 
the PVTC's timing 
func- 


tions. 


HORIZONTAL 
SYNC (HSYNC) 


This pin is an active 
high output 
which 
provides 
video 
horizontal 
sync pulses. The timing 
parameters are program- 
mable. 


VERTICAL SYNC/COMPOSITE 
SYNC IVSYNC/CSYNC) 


A control 
bit 
selects 
either 
vertical 
or composite 
sync 
pulses on this active high output. 
When CSYNC is selected, 


equalization 
pulses are included. 
The timing 
parameters 
are 
programmable. 
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BLANK (BLANK) 


This active high output 
defines the horizontal 
and vertical 
borders of the display. Display control signals which are out- 
put on DADD3 
through 
DADD13 
are valid on the trailing 
edge of BLANK. 


CURSOR 
GATE (CURSOR) 


This active 
high output 
becomes 
active 
for a specified 
number of scan lines when the address contained 
in the cur- 
sor registers 
matches the address output 
on the display ad- 
dress (DAD DO through 
DADD131. The first and last lines of 
the cursor and a blink option 
are programmable. 


INTERRUPT 
REQUEST lINTR) 


This pin is an open-drain 
output 
which 
supplies an active 
low 
interrupt 
request 
from 
any of five maskable 
sources. 
This pin is inactive 
after power-on 
reset or a master reset 
command. 


LIGHT PEN STROBE (LPS) 


This positive edge triggered 
input indicates a light pen' hit' 


causing 
the 
current 
value 
of 
the 
display 
address 
to 
be 
strobed 
into the light pen register. 


HANDSHAKE 
CONTROL 
1 (CTRll) 


In independent 
mode, this pin provides an active low write 
data buffer (WDB) 
output which strobes data from the inter- 
face 
latch 
into 
the 
display 
memory. 
In transparent 
and 
shared modes, 
this is an active low processor 
bus request 
(PBREO) input which 
indicates 
that the CPU desires to ac- 
cess the display memory. 
This pin must be tied high when 
operating 
in row-buffer 
mode. 


HANDSHAKE 
CONTROL 2 (CTRl2) 


In independent 
mode, this pin provides an active low read 
data 
buffer 
IRDB) 
output 
which 
strobes 
data 
from 
the 
display memory 
into the interface 
latch. 
In transparent 
and 
shared modes, 
CTRL2 is an active low bus external 
enable 
(BEX"T) 
output 
which 
indicates 
that 
the 
PVTC 
has relin- 
quished control of the display memory IDADDO-DADD13 
are 
in the high-impedance 
state) in response to a CPU bus re- 


quest. BEXT also goes low in response to a "display 
off and 
float 
DADO" 
command. 
In row-buffer 
mode, 
CTRL2 is an 
active low bus request (BREOl output 
which 
halts the CPU 
during a line DMA. 


HANDSHAKE 
CONTROL 3 (CTRl3) 


In independent 
mode, this pin provides the active low buf- 


fer chip 
enable 
(BCE) 
signal 
to 
the 
display 
memory. 
In 
transparent 
and shared 
modes, 
CTRL3 provides 
an active 
low 
bus acknowledge 
(BACK) 
output 
which 
serves as a 
ready signal to the CPU in response to a processor 
bus re- 


quest. In row buffer 
mode, CTRL3 is an active high memory 


bus control 
(MBC) 
output 
which 
configures 
the system for 
the DMA transfer of one row of character codes from system 
memory to the row display buffer. 


DISPLAY 
ADDRESS 
(DADDO-DADD13) 


The display address is used by the PVTC to address up to 
16K of display memory. 
These outputs 
are floated at various 
times depending 
on the buffer mode. Various control signals 
are multiplexed 
on DADD3 through 
DADD13 and are valid at 
the 
trailing 
edge 
of 
BLANK. 
The 
follOWing 
paragraphs 
describe these control 
signals. 


LINE INTERLACE (DADD3/L1) 
- 
Replaces DADD4/LAO 
as the least significant 
line address for interlaced 
sync and 
video applications. 
A low indicates an even row of an even 
field or an odd row of an odd field. 


LINE ADDRESS 
(DADD4-DADD7/LAG-LA3) 
- 
Provides 
the number 
of the current 
scan line within 
each character 
row. 


LIGHT PEN LINE (DADD9/LPL) 
- 
Asserted 
before 
the 
scan line which 
matches the programmed 
light pen line posi- 
tion lIine three, five, seven, or nine!. 


UNDERLINE 
(DADD10/UL) 
- 
Asserted 
before the scan 
line which 
matches the programmed 
underline 
position 
lIine 
o through 
15). 


BLINK 
FREQUENCY 
(DADDll/BLlNK) 
- 
Provides 
an 
output 
divided down 
from the vertical sync rate. 


ODD FIELD (DADD12l0DD) 
- 
Active 
high signal which 
is asserted before each scan line of the odd field when inter- 
lace is specified. 


The following 
paragraphs describe the major blocks (data- 


bus buffer, 
interface 
logic, operation 
control, 
timing, 
display 
control, 
and buffer control) 
which 
comprise 
the PVTC. 


DATA-BUS 
BUFFER 


The data-bus buffer provides the interface between the ex- 


ternal and internal 
data buses. It is controlled 
by the opera- 
tion control 
block to allow read and write operations 
to take 
place between 
the controlling 
CPU and the PVTC. 


INTERFACE LOGIC 


The interface 
logic contains 
address 
decoding 
and read 
and write circuits 
to permit communications 
with the micro- 
processor via the data-bus 
buffer. 
The functions 
performed 
by the 
CPU 
read and 
write 
operations 
are as shown 
in 
Table 1. 
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A2 
A1 
AO 
Read (R=O) 
Write (W=O) 


0 
0 
0 
Interrupt 
Register 
Initialization 
Registers* 
0 
0 
1 
Status Register 
Command 
Register 
0 
1 
0 
Screen Start Address Lower Register 
Screen Start Address Lower Register 
0 
1 
1 
Screen Start Address Upper Register 
Screen Start Address Upper Register 


1 
0 
0 
Cursor 
Address 
Lower 
Register 
Cursor 
Address 
Lower 
Register 
, 
0 
1 
Cursor Address Upper Register 
Cursor Address Upper Register 
1 
1 
0 
Light Pen Address Lower Register 
Display Pointer Address Lower Register 


1 
, 
1 
Light Pen Address Upper Register 
Display Pointer Address Upper Register 
* There 
are 11 initialization 
registers 
which 
are accessed 
sequentially 
via a simple 
address. 
The PVle 
maintains 
an internal 
pointer 
to these 
registers 
which 
is incremented 
after 
each write 
at this address 


until 
the last register 
flRl0, 
the split-screen 
register) 
is accessed. 
The pointer 
then 
continues 
to point 


to the split-screen 
register. 
Upon 
power-up 
or a master 
reset command, 
the internal 
pointer 
is reset to 
point 
to the first register": (lRO) ;of the initialization 
register 
group. 
The internal 
pointer 
can also be preset 


to any register 
of the group 
via the "load 
IR address 
pointer" 
command. 


OPERATION 
CONTROL 


The operation 
control 
section 
decodes configu ration and 
operation 
commands 
from 
the CPU and generates 
appro- 


priate signals to other internal sections to control 
the overall 
device operation. 
It contains the timing and display registers 


which 
configure 
the display 
format 
and operating 
modes, 


the interrupt 
logic, 
and the status 
register 
which 
provides 
operational 
feedback 
to the CPU. 


TIMING 


The 
timing 
section 
contains 
the 
cursors 
and 
decoding 
logic necessary to generate and monitor 
timing 
outputs 
and 
to control 
the display 
format. 
These timing 
parameters 
are 
selected by programming 
of the initialization 
registers. 


DISPLAY 
CONTROL 


The display control 
section generates linear addressing 
of 
up to 16K bytes of display 
memorv. 
Internal 
comparators 
limit the portion 
of the memory 
which 
is displayed 
to pro- 


grammed 
values. Additional 
functions 
performed 
in this sec- 


tion 
include 
cursor 
positioning, 
storage 
of light 
pen "hit" 


locations, 
and address comparisons 
required for generation 
of timing 
signals and the split-screen 
interrupt. 


BUFFER CONTROL 


The buffer 
control 
section 
generates 
three signals which 
control the transfer of data between the CPU and the display 
buffer 
memory. 
Four system 
configurations 
requiring 
four 
different 
handshaking 
schemes 
are supported. 
These are 
described 
in SYSTEM 
CONFIGURATIONS. 


SYSTEM CONFIGURATIONS 


Figure 1 illustrates 
the block diagram 
of a typical 
display 
terminal 
that uses an MC2672, character ROM, a keyboard in- 
terface, 
and an attribute 
controller. 
In this system, the CPU 
examines 
inputs from the data communications 
line and the 
keyboard 
and places the data to be displayed 
in the display 
buffer memory. 
The buffer is typically 
a RAM wich holds the 
data for a single or multiple 
screenload (pagel or for a single 
character row. 


The PVTC supports 
four common 
system configurations 
of 
display 
buffer 
memory, 
designated 
the 
independent, 


transparent, 
shared, 
and row-buffer 
modes. 
The first three 


modes 
utilize 
a single 
or multiple 
page 
RAM 
and 
differ 
primarily in the means used to transfer display data between 
the RAM and the CPU. The row-buffer 
mode makes use of a 


single 
row 
buffer 
(which 
can be shift 
register 
or a small 
RAMI that is updated in real time to contain 
the appropriate 
display data. 
The user program bits 0 and 1 of IRQto select the mode best 
suited for the system environment. 
The CNTRL1-CNTRL3 out- 
puts perform different functions for each mode and are named 
accordingly 
in the description 
of each mode given in the fol- 


lowing 
paragraphs. 


INDEPENDENT 
MODE 


The CPU-to-RAM 
interface 
configuration 
for this mode is 
illustrated 
in Figure 2. Transfer of data between the CPU and 
display 
memory 
is accomplished 
via a bidirectional 
latched 
port and is controlled 
by the signals read data buffer (RDBI, 
write data buffer (WDBI, 
and buffer chip enable (BCEI. This 
mode provides a non-contention 
type of operation 
that does 
not address the memory directly. 
The read or write operation 
is performed 
at the address contained 
in the cursor address 
register or the pointer 
address 
register as specified 
by the 
CPU. The PVTC enacts the data transfers 
during 
blanking 
intervals 
in 
order 
to 
prevent 
visual 
disturbances 
of 
the 
displayed data. 
The CPU manages the data transfers by supply commands 


to the PVTC. The commands 
used are: 


1. Read/write 
at pointer 
address. 


2. Read/write 
at cursor 
address 
(with 
optional 
incre- 
ment of address). 


3. Write 
from cursor address to pointer address. 


The operational 
sequence for a write 
operation 
is: 


1. CPU checks 
RDFLG 
status 
bit to assure that 
any 
previous operation 
has been completed. 


2. CPU loads data to be written 
to display memory into 
the interface 
latch. 


3. CPU writes address into cursor or pointer 
registers. 


4. CPU issues "write 
at cursor with/without 
increment" 
or "write 
at pointer" 
command. 


5. PVTC generates control signals and outputs 
specified 
address 
to 
perform 
requested 
operation. 
Data 
is 
copied from the interface 
latch into the memory. 
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6. PVTC sets RDFLG status to indicate that the write is 


completed. 


Similarly, 
a read operation 
proceeds as follows: 


1. Steps 1. and 3. as above 


2. CPU issues "read at cursor with/without 
increment" 
or "read 
at pointer" 
command. 


3. PVTC generates control signals and outputs specified 
address 
to 
perform 
requested 
operation. 
Data 
is 
copied from memory to the interface latch and PVTC 
sets RDFLG status to indicate 
that the read is com- 


plete. 


4. CPU checks RDFLG status to see if operation 
is com- 


pleted. 


5. CPU reads data from interface 
latch. 


Loading 
the same data into a block of display memory is 
accomplished 
via the "write 
from 
cursor-to-pointer" 
com- 
mand: 


1. CPU checks 
RDFLG 
status 
bit to assure that 
any 


previous operation 
has been completed. 


2. CPU loads data to be written 
to display memory into 


the interface 
latch. 


3. CPU writes 
beginning 
address of memory block into 
cursor address register and ending address of block 
into pointer 
address register. 


4. CPU 
issues 
"write 
from 
cursor-to-pointer" 
com- 


mand. 


5. PVTC generates 
control 
signals and outputs 
block 
addresses to copy data from the interface 
latch into 


the specified 
block of memory. 


6. PVTC sets RDFLG status to indicate 
that the block 


write 
is completed. 


Similar 
sequences 
can be implemented 
on an interrupt 


driven basis using the READY interrupt 
output 
to advise the 
CPU that a previously 
requested 
command 
has been com- 


pleted. 


Two timing sequences are possible for the "read/write 
at 


cursor/pointer" 
commands. 
If the command 
is given during 


the active display window 
(defined 
as first scan line of the 


first character 
row to the last scan line of the last character 


row), 
the operation 
takes place during 
the next horizontal 


blanking interval, as illustrated 
in Figure 3. If the command 
is 
given 
during 
the 
vertical 
blanking 
interval, 
or while 
the 


display 
has been commanded 
blanked, 
the operation 
takes 


place immediately. 
In the latter case, the execution 
time for 


the command 
is approximately 
one microsecond 
plus six 
character 
clocks (see Figure 41. 


Timing for the "write 
from cursor-to-pointer" 
operation 
is 
shown 
in Figure 5. The BLANK 
output 
is asserted 
auto- 


matically and remains asserted until the vertical retrace inter- 
val following 
completion 
of the command. 
The memory 
is 
filed at a rate of one location 
per two character times, plus a 
small amount 
of overhead. 


MO~ 
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MC2672 
Refresh 


PVTC 
RAM 


DADD 
Display 
Address 
ADR 


BeE 
EE 
CTRl3 


WDB 
W 
CTRLl 
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RDB 


To 
Video 
logic 


CClK 


EE 


W 


BLANK 
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WDB 
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FIGURE 
4 - 
READ/WRITE 
AT CURSOR/POINTER 
COMMAND 
TIMING 
DIAGRAM 
(Command 
Received 
While 
Display 
is Blenkedl 


=========:---~• 


MOTOROLA MICROPROCESSOR DATA 


3-13 


SHARED AND TRANSPARENT 
BUFFER MODES 


In these modes the display 
buffer 
RAM 
is a part of the 
CPU memory domain and is addressed directly by the CPU. 
Both modes use the same hardware 
configuration 
with the 
CPU accessing the display buffer via three-state 
drivers (see 
Figure 61. The processor bus request (~) 
control signal 
informs 
the PVTC that the CPU is requesting 
access to the 
display buffer. 
In response to this request. the PVTC raises 
bus acknowledge 
(~) 
until its bus external (~) 
out- 


'put has freed the display address and data buses for CPU ac- 


cesses. ~, 
which 
can be used as a "hold" 
input to the 


CPU, is then lowered to indicate that the CPU can access the 
buffer. 
In transparent 
mode, the PVTC delays the granting 
of the 
buffer to the CPU until a vertical or horizontal 
blanking inter- 
val, thereby causing minimum 
disturbance 
of the display. 
In 


shared mode, the PVTC will blank the display and grant im- 
mediate 
access to the CPU. Timing 
for these modes is il- 


lustrated 
in Figures 7, 8, and 9. 


Refresh 
RAM 
ADR 


Upper 


System 
Address 
Bus 
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~~ 
~ 
r,;;,;;,,-------J\r--------------- 
J4+-L ~-------' 


~------------~ 
----j------------~--------------- 


~ 
1~-1)-------~---------(-s~e.~o~e3~------J....r----\ 


~ 
Horizontal 
Blanking 
Interval 
\~_______ 
\ 
~ 


NOTES: 


,. ~ 
must be asserted prior to the rising edge of BLANK 
in order for sequence 
to begin during 
that blanking 
period. 
2. If PBREO 
is negated 
after 
the next to last CeLK 
of the horizontal 
blanking 
interval, 
the next scan line will 
also be blanked. 


r----------~------------- 
IISeeNote11 
________ 
J 


r---- -- --.l\.r-- - - - -- - - --- 
------_.1 
~------_-_~.!.S~:..N~t:.l~ 
__~ 
, 
\~---- 
~------- 


NOTE: 


1. If PBREa 
is negated 
after 
the next 
to last CeLK 
of the horizontal 
blanking 
interval, 
the next scan line will also be blanked. 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-15 
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PBREa 
__ 
~1 


BACK 
~ 
-------~------- 


PBREa 
~---------------. 


BACK 
~ 


BEXT 
\ 


BLANK 
~ 


programmed number of scan lines. The bus-request control 
(BREQI signal informs the CPU that character addresses and 
the memory bus control (MBC) signal will start at the next 
falling edge of BLANK. 
The CPU must release the address 
and data buses before this time to prevent bus contention. 
After the row of character data is transferred to the CPU, 
BREQ returns high to grant memory control 
back to the 
CPU. 


2x2111 


Row 
Refresh 
RAM 


ROW-BUFFER 
MODE 


Figures 10 and 11 show the timing and a typical hardware 


implementation 
for the row-buffer 
mode. During the first 


scan line (line 01 of each character row, the PVTC halts the 
CPU and DMA's 
the next row of character data from the 
system 
memory 
to 
row-buffer 
memory. 
The PVTC then 
releases the CPU and displays the row-buffer 
data for the 
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BLANK-r 
i ~11,-__(L_in_eo_o_nIY_! 
~\ 
r 
II 


BRED 
~ 
__ 
~ 
\ 
(--- 


MBC 
ty---1------\----~\~ 
_ 


After 
power 
is applied, 
the PVTC will 
be in an inactive 


state. 
Two 
consecutive 
"master 
reset" 
commands 
are 


necessary 
to release this circuitry 
and ready the PVTC for 
operation. 
Two 
register groups 
exist within 
the PVTC: the 


initialization 
registers and the display control 
registers. 
The 


initialization 
registers 
select 
the 
system 
configuration, 


monitor 
timing, 
cursor shape, display memory domain, 
and 
screen format. 
These are loaded first and normally require no 


modification 
except 
for certain 
special visual 
effects. 
The 


display control 
registers specify 
the memory address of the 


base character Iupper left corner of screen!, the cursor posi- 
tion, 
and 
the 
pointer 
address 
for 
independent 
memory 


access 
mode. 
These 
usually 
require 
modification 
during 
operation. 


After initial loading of the two register groups, the PVTC is 


ready to control 
the monitor 
screen. 
Prior to executing 
the 


PVTC commands 
which 
turn on the display and cursor, 
the 
user should load the display memory with the first data to be 
displayed. 
During 
operation, 
the PVTC will sequentially 
ad- 


dress the display memory within 
the limits programmed 
into 
its registers. 
The memory 
outputs 
character 
codes 
to the 
system character 
and graphics generation 
logic, where they 


are converted 
to the serial video stream necessary to display 


the data on the CRT. The user effects changes to the display 
by modifying 
the contents 
of the display memory, 
the PVTC 
display control and command 
registers, and the initialization 
registers, 
if 
required. 
Interrupts 
and 
status 
conditions 
generated 
by the PVTC supply the "handshaking" 
informa- 


tion necessary for the CPU to effect the display changes in 
the proper time frame. 


There are 11 initialization 
registers IIRO-IR10! which are ac- 


cessed sequentially via a single address. The PVTC maintains 
an internal 
pointer 
to these registers which 
is incremented 


after each write 
at this address until the last register II R10, 


the split-screen 
register! 
is accessed. 
The pointer 
then con- 
tinues to point to the split-screen 
register. Upon power-up 
or 
a master reset command, 
the internal pointer is reset to point 
to the first register (IRm of the initialization 
register group. 


The internal pointer can also be preset to any register of the 
group 
via the "load 
IR address pointer" 
command. 
These 
registers are write 
only and are used to specify 
parameters 


such 
as the system 
configuration, 
display 
format, 
cursor 


shape, and monitor 
timing. 
Registel 
formats 
are shown 
in 
Figure 12 and described 
in the following 
paragraphs. 


Scan Lines Per Character 
Row 


Not Used 
Non·lnterlaced 
Interlaced 
Sync Select 
Buffer-Mode Select 


סס oo= I Lineסס oo= Undefined 
0= VSYNC 
00= Independent 


0001= 2 Lines 
0001= 5 Lines 
1= CSYNC 
01 = Transparent 


0010= 3 Lines 
0010= 7 Lines 
10= Shared 
. 
. 
11= Row 
. 
. 


1110=15 Lines 
'110=31 
Lines 


1111= 16 Lines 
I I I 1= Undefined 
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Interlace 


Enable 
Equalizing 
Constant 


0= 
Non-ס0ooooo= 
1 CCLK 


Interlace 
o00ooo1 = 2 CCLK 
Calculated 
from: 


1 = Interlace 
· 
EC=0.5 
IHACT+ 
HFP+ 
HSYNC+ 
HBPI-2IHSYNCI 
·· 
1111110= 
127 CCLK 


1111111=128 
CCLK 


Not 
Used 
Horizontal 
Sync 
Width 
Horizontal 
Back Porch 


ססoo= 
2 CCLK 
000= 
1 CCLK 


0001 =4 
CCLK 
001 =5 
CCLK 
. 
. 
. 
. 


1110=30 
CCLK 
110= 25 CCLK 


1111 =32 
CCLK 
111=29 
CCLK 


Vertical 
Front 
Porch 
Vertical 
Back 
Porch 


000=4 
Scan 
Lines 
0ססoo = 4 Scan 
Lines 


001 = 8 Scan 
Linesססoo1 = 6 Scan 
Lines 
. 
. 
. 
. 


110 = 28 Scan 
Lines 
11110=64 
Scan 
Lines 


111 ~ 32 Scan 
Lines 
11111 =66 
Scan 
Lines 


Character 
Blink 
Rate 
Active 
Character 
Rows Per Screen· 


0=1/16ס0ooooo = 1 Row 


VSYNC 
o00ooo1 ~ 2 Rows 


1 = 1/32 
· 
VSYNC 
·· 
1111110= 
127 Rows 


1111111 = 128 Rows 


Active 
Characters 
Per Row 


o00ooo10= 
2 Characters 
o00ooo11 ~ 4 Characters 


11111110= 
255 Characters 
11111111 = 256 Characters 
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First Line of Cursor 
Last Line of Cursor 


0CXXl= Scan 
Line 0 
0CXXl= Scan 
Line 0 


0001 = Scan 
Line 1 
0001 = Scan 
Line 1 
. 
· 
. 
· 
1110= 
Scan 
Line 14 
1110= 
Scan 
Line 14 


1111 = Scan 
Line 15 
1111 = Scan 
Line 15 


Double 


Cursor 
Height 


Light 
Pen Line 
Blink 
Char. 
Underline 
Position 


00 = Scan 
Line 3 
0= 
No 
0= 
No 
0CXXl= Scan 
Line 0 


01 = Scan 
Line 5 
1 =Yes 
1 =Yes 
0001 = Scan 
Line 1 


lOt 
Scan 
Line 7 
· 
11t 
Scan 
Line g 
· 
1110= 
Scan 
Line 14 


1111=Scan 
Line 15 
• 


Display 
Buffer 
Last Address 
D,splay 
Buffer 
F"st 
Address 
MSBs 


0CXXl= 1,023 
0001 = 2,047. 
See IR8 
. 


1110= 
15,359 
1111 = 16,363 


Cursor 
Blink 


Rate 
Split-Screen 
Interrupt 
Row 


0=1116ס0ooooo = Row 0 


VSYNC 
o00ooo1 = Row 
1 
1 = 1/32 
. 


VSYNC 
. 


1111110= 
Row 
126 
1111111 = Row 
127 
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SCAN 
LINES PER CHARACTER 
ROW (IRO[6:3J) - 
Both 
interlaced 
and non-interlaced 
scanning are supported 
by the 


PVTC. For interlaced mode, two different 
formats can be im- 
plemented, 
depending 
on the interconnection 
between 
the 
PVTC and the character 
generator 
(see IRll7]). 
This field 
defines 
the number 
of scan lines used to compose 
a char- 


acter row for each technique. 
As scanning occurs, 
the scan 


line count 
is output 
on the LAO-LA3 and LI pins. 


non-interlaced 
timing 
operation. 
Two 
modes 
of interlaced 
operation 
are available, 
depending 
on whether 
LO-L3 or L1, 
LO-L2 are 
used 
as 
the 
line 
address 
for 
the 
character 
generator. 
The resulting 
displays are shown 
in Figure 13. 


For "interlaced 
sync" 
operation, 
the same information 
is 


displayed in both odd and even fields, resulting 
in enhanced 
readability. 
The PVTC outputs 
successive 
line numbers 
in 
ascending 
order on the LAO-LA3 lines, one per scan line for 


each field. 


The 
"interlaced 
sync 
and 
video" 
format 
doubles 
the 
character 
density 
on the screen. 
The PVTC outputs 
suc- 


cessive line numbers in ascending 
order on the L1, LAO-LA2 
lines, one per scan line for each field, 
but alternates 
begin- 


ning 
the 
count 
with 
even 
and 
odd 
line 
numbers. 
This 


displays the odd field with even scan lines in even character 
rows and odd scan lines in odd character rows, and the even 
field with 
odd scan lines in even character 
rows and even 


scan lines on odd character 
rows. 
This provides 
balanced 
beam currents 
in the odd and even fie:ds, thus minimizing 


character 
variations 
due to 
different 
loading 
of 
the 
CRT 
anode supply between 
fields. 


VS/CS 
ENABLE (IRO[2J) - 
This bit selects either vertical 


sync 
pulses 
or 
composite 
sync 
pulses 
on 
the 
VSYNCI 


CSYNC output 
(pin 181. The composite 
sync waveform 
con- 


forms to EIA RS170 standards, with the vertical interval com- 
posed of six equalizing 
pulses, six vertical sync pulses, and 


six more equalizing 
pulses. 


BUFFER MODE SELECT ORO[l :OJ) - 
Four buffer memory 


modes 
may 
be selectively 
enabled 
to 
accommodate 
the 


desired system configuration. 
See SYSTEM 
CONFIGURA- 


TION. 


L'-l 


_LO_ 


1-1:=~:::: 


Line Address 
To Char. 
Gen. 
l 


" 
c: 
t5 ~ 
7 
8 
_ 


o 0------- 
-e-e-e-e-e-- 
1-0-0-0-0-0-- 
-.------- 
2-0------- 
-.------- 
3·0------- 
-e-e-e----- 
4 -0-0-0----- 


5 -.------- 
5 -0-------- 


6 -.------- 
6-0------- 
-e-e-e-e-e-- 
7 -0-0-0-0-0-- 


8 
o ,_0 
_ 
1·0-0-0-0-0-- 
lIT~-·-·-·-·-- 


2 
-.------- 
3-0------- 


3 -.------- 
4-0-0-0----- 


4 -e-e-e----- 
5-0------- 
5 -.------- 
6·0------- 
6 -.------- 
7 -0-0-0-0-0-- 
-e-e-e-e-e-- 
18-------- 
0------- 


0-------- 
1-00000---- 
2-·------- 


4 I":: ~. e------ 


'5 - 0 ------- 


617=~0000--__ 
80 
_ 


1 - 
••••• 
---- 
2-0------- 
3-·------- 
4-000----- 
5-·------- 


16 -0 
7[;1·····---- 
0-------- 


" 
c: 
~ ~ 


9SeanI~'~ 
~~o__o_o_o_-_-_-_-_-_~ 


Llnes/ 
41-e 
•• 
_ 


Row 
5-0------- 
6-·------- 
17-00000---- 


8 


10 


_ 


1 - 
••••• 
---- 
2-0------- 
3-· 
4-000----- 


5 6=~ 
_ 


7 - 
••••• 
---- 
8------- 


9 Scan 
Lines/ 
Row 


2 -.------- 


3 -.------- 
17 Scan 
Lines/ 
Row 
5-·------- 


6 -.------- 


8-------- 
0-------- 


5 - 
.-----~-- 
6-·------- 
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EQUALIZING 
CONSTANT 
(IR1[6:0ll 
- 
This field indirect- 


ly defines the horizontal 
front porch and is used internally to 
generate 
the 
equalizing 
pulses for 
the 
RS170 compatible 
CSYNC. 
The value for this field is the total number of char- 


acter clocks (CCLKI during a horizontal 
line period divided by 


two, 
minus two times the number of character clocks in the 


horizontal 
sync pulse: 


EC 
HACT+ 
HFP+ HSYNC+ 
HBP 
2IHSYNC) 


\ 
2 


. The definition 
of the individual 
parameters 
is illustrated 
in 
Figure 
14. The 
minimum 
value 
of 
HFP is two 
character 
clocks. 


Note that when using the attributes controller the blank pulse 
is delayed three CCLKs relative to the HSYNC pulse. 


HORIZONTAL 
SYNC 
PULSE WIDTH 
(IR2[6:3ll 
- 
This 


field 
specifies 
the 
width 
of 
the 
HSYNC 
pulse 
in CCLK 


periods. 


HORIZONTAL 
BACK 
PORCH 
(IR2[2:0ll 
- 
This 
field 
defines 
the number 
of CCLKs between 
the trailing 
edge of 


HSYNC and the trailing edge of BLANK. 


VERTICAL 
FRONT 
PORCH 
(IR3[7:5ll 
- 
Programs 
the 


number 
of scan line periods 
between 
the rising edges of 


BLANK 
and VSYNC 
during 
a vertical 
retrace interval. 
The 


width 
of the VSYNC 
pulse is fixed at three scan lines. 


. VERTICAL 
BACK 
PORCH (IR3[4:0ll 
- 
This field deter- 


mines the number 
of scan line periods 
between 
the falling 


edges of the VSYNC and BLANK 
outputs. 


CHARACTER 
BLINK 
RATE (IR4[7ll 
- 
Specifies 
the fre- 


quency for the character blink attribute 
timing. 
The blink rate 


can be specified as 1/16 or 1/32 of the vertical field rate. The 
timing signal has a duty cycle of 75% and is multiplexed 
onto 


the 
DADDll/BLINK 
output 
at 
the 
falling 
edge 
of 
each 
BLANK . 


CHARACTER 
ROWS PER SCREEN (IR4[6:0ll 
- 
This field 
defines the number of character 
rows to be displayed. 
This 
value multiplied 
by the scan lines per character row, plus the 


vertical 
front 
and back porch values, and the vertical 
sync 


pulse width 
(three scan lines) is the vertical 
scan period in 


scan lines. 


ACTIVE CHARACTERS 
PER ROW (IR5[7:0ll 
- 
This field 


determines the number of characters to be displayed on each 
row of the CRT screen. The sum of this value, the horizontal 
front 
porch, 
the horizontal 
sync width, 
and the horizontal 


back porch is the horizontal 
scan period is CCLKs. 


FIRST 
AND 
LAST 
SCAN 
LINE OF CURSOR 
(IR617:4J 
AND 
IR6[3:0ll 
- 
These two 
fields specify 
the height 
and 
position of the cursor on the character block. The "first" 
line 
is the topmost 
line when scanning 
from the top to the bot- 


tom of the screen. 


I'" 
HBLANK --.J~---I 


~ 
~ 
Front Porch IIRll 


HSYNC -SI'-- 
..Il ... _ 


--.j 
I+" HSYNC IIR21 


!""-Char 
Rows/Screen IIR41~ 
~ 
~ 
Scan LinesPer Row IIROI 
I 


VBLANK --.J-----I 
-I----L 


+l 
I""- Front Porch IIR31 
Back Porch IIR31·+1 
I""- 


VSYNC -...Il~ 
-'n... 
_ 


--1 I - VSYNC (Fixed at 31 


Lines/Row 
~ 


1 
I 
I 
I 
I 
1 
1 
I 
HSYNC 
HBACK 
Width 
Porch 
~ 


I 
I 
1 
1 
1 
1 
I 
1 


L- 


Back Porch IIR21--.j ~ 


, 


IRl 
1 
1 
I 
I 
1 
I 
1 
1 
I 


VFRONT 
VBACK 
Porch 
Porch 
,..-..,-.. 


IR3 I 
1 
1 
1 
I 
1 
I 
I 
1 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-21 


I 


defines which 
of four scan lines of the character 
row will be 
used for 
the light 
pen strike 
- 
through 
attribute 
by the 
MC2673 
VAC. 
The timing 
signal 
is multiplexed 
onto 
the 
DADD9/LPL 
output 
during 
the falling edge of BLANK. 


CURSOR 
BLINK 
ENABLE 
(IR7IS]) 
- 
This 
bit controls 
whether 
or not the cursor output 
pin will be blinked at the 
selected rate IIR10[7JI. The blink duty cycle for the cursor is 
50%. 


DOUBLE 
HEIGHT 
CHARACTER 
ROW ENABLE 
OR7[4]) 


- 
If enabled, 
the number of each scan line will be repeated 
twice in succession, 
causing the height of the character row 


to double. 
This bit can be changed at any time but will only 
become effective 
at the beginning 
of the character 
row fol- 


lowing 
the time it is changed. 
This allows selected character 
rows to be of double 
height. 
The split-screen 
interrupt 
can 
be used to notify 
the CPU when the effectuate 
changes to 


this bit. For each double height row which replaces a normal 
row, 
one row count 
should 
be subtracted 
from the" 
char- 
acter rows per screen" 
field IlR4l to maintain the same total 
number 
of scan lines per field. 


UNDERLINE POSITION (IR7[3:0]) - 
This field defines which 
scan line of the character row will be used for the underline 
attributes 
by the attributes controller. The timing signal is mul- 
tiplexed 
onto the DADD10/UL output 
during the falling 
edge 
of BLANK. 


DISPLAY 
BUFFER 
FIRST 
ADDRESS 
lIR913:0J 
AND 
IR8[7:0]) 
AND 
DISPLAY 
BUFFER 
LAST 
ADDRESS 
(IR917:4)l - 
These two fields define the area within 
the buf- 
fer memory where the display data will reside. When the data 
at the "display 
buffer 
last address" 
is displayed, 
the PVTC 
will wrap-around 
and obtain the data to be displayed at the 
next screen position 
from the" display buffer first address" 


screen start aaaress nas oeen loaoea intO me ~(;reerl :)lGlll 
register, or if "last address" 
is the last character 
position 
of 
the screen, the next data is obtained 
from the address con- 


tained in the screen start register. 


Note that 
there is no restriction 
in displaying 
data from 


other areas of the addressable 
memory. 
Normally, 
the area 
between 
these two 
bounds 
is used for data which 
can be 
overwritten 
le.g., 
as a result of scrollingl, 
while data that is 
not 
to 
be overwritten 
would 
be contained 
outside 
these 
bounds and accessed by means of the split-screen 
interrupt 


feature of the PVTC. 


CURSOR BLINK RATE (IR10I7]) 
- 
The cursor blink rate 
can be specified 
at 1/16 or 1/32 
of the vertical 
scan fre- 
quency. 
Blink is effective 
only if blink is enabled by IR7[5J. 


SPLIT-SCREEN 
INTERRUPT 
OR10I6:0]) 
- 
The 
split- 
screen interrupt 
can be used to provide special screen effects 
such as a row of double height characters 
or to change the 


normal 
addressing 
sequence 
of the display 
memory. 
The 
contents 
of this field is compared, 
in real time, to the current 


character 
row number. 
Upon 
a match, 
the PVTC sets the 
split-screen 
status bit, and issues an interrupt 
request if so 
programmed. 
The status change/interrupt 
request is made 
at the beginning 
of scan line zero of the split-screen 
char- 
acter row. 


TIMING 
CONSIDERATIONS 


Normally, 
the contents 
of the initialization 
registers are not 


changed 
during operation. 
However, 
this may be necessary 
to implement 
special display features 
such as multiple 
cur- 
sors, 
smooth 
scrolling, 
horizontal 
scrolling, 
and 
double 


height character 
rows. 
Table 2 describes 
the timing 
details 
for these registers which 
should be considered 
when imple- 
menting 
these features. 


Parameter 
Timing 
Considerations 


Field Line of Cursor 
These parameters 
must be established 
at a minimum 
of two characters 
times 
Last Line of Cursor 
prior to their occurrence. 
Light Pen Line 
Underline 


Double 
Height 
Characters 
Set! reset during 
the character 
row prior to the row which 
is to bel not to be 
double height. 


Cursor 
Blink 
New values become 
effective 
within 
one field after values are changed. 
Cursor 
Blink 
Rate 


Character 
Blink 
Rate 


Split-Screen 
Interrupt 
Row 
Change anytime 
prior to line zero of desired row. 


Character 
Rows Per Screen 
Change only during 
vertical 
blanking 
period 


Vertical 
Front Porch 
Change prior to first line of VFP. 


Vertical 
Back Porch 
Change prior to fourth line after VSYNC. 


Screen-Start 
Register 
Change prior to the horizontal 
blanking 
interval of the last line of character 


row before row where 
new value is to be used. 
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There are nine registers 
in this group, 
each with 
an in- 


dividual 
address. 
Their formats 
are illustrated 
in Figure 15. 


The command 
register is used to invoke one of 16 possible 


PVTC commands 
as described in COMMANDS. 
The remain- 


ing registers in the group store address values which specify 
the cursor and buffer 
pointer 
locations, 
the location 
of the 


first character to be displayed on the screen, and the location 
of a light 
pen "hit" 
With 
the exception 
of the light 
pen 
register, the user initializes these registers after powering 
on 


the system 
and changes 
their 
values 
to control 
the data 


which 
is displayed. 


(b) Screen 
Start 
Registers 
(Read and Writel, 


Cursor 
Address 
Registers 
(Read and Write), 


Pointer Address Register (Write 
Only). 
and 


Light 
Pen Address 
Register 
(Read Only) 


Lower 
Aegister 
ILSBs) 


H"()()()()"-O 


H"OOO1"~ 
1 


The screen-start 
registers contain 
the address of the first 


character 
of the first 
row 
lupper 
left corner 
of the active 


displayl. 
At the beginning 
of the first scan line of the first 


row, 
this 
address 
is transferred 
to 
the 
row-start 
register 
(RSRI 
and into 
the memory-address 
counter 
(MACI. 
The 


counter 
is then advanced 
sequentially 
at the character 
rate 


the number of times programmed 
into the active characters- 


per-row 
register II R5) thus reaching 
the address of the last 


character of the row plus one. At the beginning 
of each sub- 


sequent scan line of the first row, the MAC is reloaded from 
the RSR and the above sequence is repeated. At the end of 
the last scan line of the first row, the contents 
of the MAC is 


loaded into the RSR to serve as the starting 
memory address 


for the second 
character 
row. 
This process is repeated 
for 


H"3FFE" 
~ 16,382 
H"3FFF" 
~ 16,383 


the programmed 
number of rows per screen. Thus, the data 


in the display memory is displayed sequentially 
starting 
from 
the address contained 
in the screen start register. 
After 
the 
ensuing 
vertical 
retrace interval, 
the entire process 
repeats 
again. 


The sequential operation 
described above Will be modified 


upon the occurrence 
of either of two events. 
First. if during 


the 
incrementing 
of 
the 
memory 
address 
counter 
the 
"display 
buffer last address" 
IIR9[7:4J1 is reached, the MAC 
will be loaded from the "display 
buffer first address" 
register 


IIR9[3:0Jl, 
IIR8[7:0Jl 
at the next character clock. 
Sequential 
operation 
will then resume starting 
form 
this address. 
This 
wraparound 
operation 
allows portions 
of the display buffer 


to be used for purposes 
other 
than storage 
of displayable 


data and is completely 
automatic 
without 
any CPU interven- 


tion Isee Figure 16al. 


I 
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• 


Memory 


(a) Display Memory Wraparound• 


• 


Memory 


(bl Display Memory Split Screen With Wraparound 


CURSOR ADDRESS 
REGISTERS 


The contents 
of these registers define the buffer 
memory 
address of the cursor. 
If enabled, 
the cursor output 
will be 
asserted 
when 
the memory 
address 
counter 
matches 
the 


value of the cursor 
address 
registers. 
The cursor 
address 
registers may be read or written 
by the CPU or incremented 


via the "increment 
cursor address" 
command. 
In indepen- 


dent buffer mode, these registers define a buffer memory ad- 
dress for PVTC controlled 
access in response to "read/write 
at cursor with/without 
increment" 
commands, 
or the first 


address 
to be used in executing 
the "write 
for cursor 
to 
pointer" 
command. 


The 
sequential 
row-to-row 
addressing 
can 
also 
be 


modified 
under CPU control. 
If the contents 
of the screen- 


start register (upper, lower, or both) are changed during any 
character row (say row "n"l, 
the starting address of the next 
character 
row 
(row 
"n+ 
1") will 
be the next value of the 


screen-start 
register and addressing will continue 
sequential- 


ly from 
there. 
This 
allows 
features 
such 
as split-screen 


operation, 
partial 
scroll, 
or status 
line display 
to 
be im- 


plemented. 
The split-screen 
interrupt 
feature of the PVTC is 


useful in controlling 
this type of operation. 
Note that in order 


to obtain the correct screen display, the screen-start 
register 


must be reloaded with 
the original value prior to the end of 
the vertical 
retrace. 
See Figure 16b. 


During 
vertical 
blanking 
the address counter 
operation 
is 


modified 
by stopping 
the automatic 
load of the contents 
of 


the RSR into the counter, 
thereby allowing 
the address out- 


puts to free-run. 
This allows dynamic memory refresh to oc- 


cur during 
the vertical 
retrace interval. 
The refresh address- 


ing starts at the last address displayed on the screen and in- 
crements 
by one for each character clock during the retrace 


interval. 
If the display 
buffer 
last address 
is encountered 
refreshing 
continues 
from the display buffer 
first address. 


DISPLAY 
POINTER ADDRESS 
REGISTERS 


These registers define a buffer memory address for PVTC 


controlled 
accesses in response to "read/write 
at pointer" 


commands. 
They also define the last buffer memory address 
to be written 
for the "write 
from 
cursor 
to pointer" 
com- 
mand. 


LIGHT PEN ADDRESS 
REGISTERS 


If the light pen input is enabled, these registers are used to 
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store the current character address upon receipt of a light 
pen strobe 
input. 
Several sources of delay between 
the 


display of a character upon the screen and the receipt of a 
light pen hit can be expected to exist in a system environ- 
ment. These delays include address pipelining in the char- 
acter generation circuits, delays in the video generation cir- 
cuits, and delays in the light detection circuitry itself. These 
delays cause the value stored in the light pen register to dif- 
fer from the actual address of the character at which the light 
pen hit actually was detected. Software must be used to cor- 
rect this condition. 


INTERRUPT/STATUS 
REGISTERS 


The interrupt 
and status registers provide information 
to 


the CPU to allow it to interface with 
the PVTC to effect 
desired changes to implement 
various display operations. 


The interrupt 
register provides information 
on five possible 
interrupting 
conditions, 
as shown in Figure 17. These condi- 


tions may be selectively enabled or disabled (maskedl from 
causing interrupts by certain PVTC commands. An interrupt 
condition which is enabled Imask bit equal to onel will cause 
the fi\i"fR 
output 
to be asserted and will cause the corres- 


ponding 
bit in the interrupt 
register to be set upon occur- 
rence of interrupt condition. 
An interrupt condition which is 


disabled (mask bit equal to zeroI has no effect on either the 
mTR output or the interrupt 
register. 
The status register provides six bits of status information; 


the five possible interrupting 
conditions plus the NOT BUSY 


bit. For this register, however, the contents are not effected 
by the state of the mask bits. 


Descriptions of each interrupt/ status register bit follows. 
Unless otherwise 
indicated, a bit, once set, will remain set 
until reset by the CPU by issuing a "reset interrupt/status 
bits" command. 
The bits are also reset by a "master reset" 
command and upon power-up. 


RDFLG (SR[5J) - 
This bit is present in the status register 


only. A zero indicates that the PVTC is currently executing 
the previously 
issued command. 
A one indicates that the 


PVTC is ready to accept a new command. 


VBLANK (I/SR[4J) - 
Indicates the beginning of a vertical 
blanking interval, is set to a one at the beginning of the first 
scan line of the vertical front porch. 


LINE ZERO (1/SR[3J) - 
Is set to a one at the beginning of 
the first scan line lline zero) of each active character row. 


SPLIT SCREEN OISR[2J) - 
This bit is set when a match 
occurs between the current character row number and the 
value 
contained 
in 
the 
split-screen 
interrupt 
register, 


IR10[6:01. The equality 
condition 
is only 
checked 
at the 


beginning of line zero of each character row. This bit is reset 
when either of the screen-start 
registers is loaded by the 
CPU. 


READY (I/SR[1]) 
- 
Certain PVTC commands affect the 


display and may require the PVTC to wait for a blanking 
interval before enacting the command. This bit is set to one 
when execution of the command 
has been completed. 
No 


command 
should 
be invoked 
until 
the prior command 
is 
completed. 


LIGHT PEN (I/SR[OJ) - 
A one indicates that a light pen 
hit has occurred 
and that 
the contents 
of the light 
pen 


register have been updated. This bit will be reset when either 
of the light pen registers is read. 


The PVTC commands are divided into two classes: the in- 
stantaneous 
commands, 
which 
are executed 
immediately 
after they are invoked, and the delayed commands 
which 
may need to wait for a blanking interval prior to their execu- 
tion. 
Command formats are shown 
in Table 3. The com- 
mands are asserted by performing 
a write operation to the 
command 
register with 
the appropriate 
bit pattern as the 


data byte. 


Line 
Split 
Light 


Not Used 
RDFLG 
VBLANK 
Zero 
Screen 
Ready 
Pen 


Always 
Read 
0- 
Busy 
O-No 
O-No 
O=No 
0= 
Busy 
0= No 
as Zero 
, = Ready 
1 =Yes 
, = Yes 
, = Yes 
, = Ready 
, = Yes 


• 
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II 


07 
D6 
05 I D4 
D3 I 02 
01 
00 I Hex 
Command 


Instantaneous Commands 


0 
0 
0 
0 
0 
0 
0 
0 
Master Reset 
0 
0 
0 
1 
V 
V 
V 
V 
Load IR Pointer with Value V IV=O to 10l 
0 
0 
1 
d 
d 
d 
1 
O' 
Disable Light Pen 
0 
0 
1 
d 
d 
d 
1 
l' 
Enable Light Pen 
0 
0 
1 
d 
1 
N 
d 
O' 
Display Off - 
Float DADO Bus If N= 1 
0 
0 
1 
d 
1 
N 
d 
l' 
Display On - 
Next Field IN= 1l or Scan Line IN=Ol 
0 
0 
1 
1 
d 
d 
d 
O' 
Cursor Off 
0 
0 
1 
1 
d 
d 
d 
l' 
Cursor 
On 
0 
1 
0 
N 
N 
N 
N 
N 
Reset InterruptI 
Status 
- 
Bit Reset where 
N = 1 
1 
0 
0 
N 
N 
N 
N 
N 
Disable Interrupt - 
Disable where N= 1 
0 
1 
1 
N 
N 
N 
N 
N 
Enable Interrupt 
- 
Enables Interrupts 
and Resets the Corresponding 
Interrupt/Status 
Bits where 
N= 
1 


V 
L 
S 
R 
L 


B 
Z 
S 
0 
P 


Delayed Commands 
1 
0 
1 
0 
0 
1 
0 
0 
A4 
Reset at Pointer Address 
1 
0 
1 
0 
0 
0 
1 
0 
A2 
Write at POinterAddress 
1 
0 
1 
0 
1 
0 
0 
1 
A9 
Increment 
Cursor Address 


1 
0 
1 
0 
1 
1 
0 
0 
AC 
Read at Cursor Address 


1 
0 
1 
0 
1 
0 
1 
0 
AA 
Write 
at Cursor Address 
1 
0 
1 
0 
1 
1 
0 
1 
AD 
Read at Cursor Address and Increment 
Address 
1 
0 
1 
0 
1 
0 
1 
1 
AB 
Write 
at Cursor Address and Increment 
Address 
1 
0 
1 
1 
1 
0 
1 
1 
BB 
Write 
from Cursor Address to Pointer Address 


INSTANTANEOUS 
COMMANDS 


The instantaneous 
commands 
are executed 
immediately 
after the trailing 
edge of the write 
pulse during 
which 
the 
command 
is issued. These commands 
do not affect the state 
of the RDFLG or READY interrupt/status 
bits. However, 
a 
command 
should 
not be invoked if the RDFLG bit is low. 


ENABLE LIGHT PEN 


After invoking 
this command, 
receipt of a light pen strobe 


input will cause the light pen register to be loaded with 
the 


current 
buffer memory address and the corresponding 
inter- 
rupt and status flag to be set. Once loaded, further loads are 
inhibited 
until either one of the light pen registers are read or 
a reset function 
is performed. 


MASTER 
RESET 


This command 
initializes the PVTC and may be invoked at 
any time to return the PVTC to its initial state. Upon power- 
up, two successive master reset commands 
must be applied 


to release the PVTC's 
internal 
power 
on circuits. 
In trans- 


parent and shared buffer modes, the CNTRLl 
input must be 


high when the command 
is issued. The command 
causes the 


fOllowing: 


1 VSYNC and HSYNC are driven low for the duration 
of 


reset and BLANK 
goes high. BLANK 
remains high until 
a "display 
on" 
command 
is received. 


2. The interrupt 
and status bits and masks are set to zero, 
except for the RDFLG flag which 
is set to a one. 


3. The transparent 
mode, cursor off, display off, and light 


pen disable states are set. 


4. The initialization 
register pointer 
is set to address IRO. 


DISABLE 
LIGHT PEN 


Light pen hits will not be recognized. 


DISPLAY 
OFF 


Asserts the BLANK output. 
The DADDO through 
DADD13 
display address bus outputs 
may be optionally 
placed in the 
high-impedance 
state by setting bit 2 to a one when invoking 
the command. 


DISPLAY 
ON 


Restores normal blanking operation either at the beginning 


of the next field (bit 2 = 1) or at the beginning 
of the next 


scan 
line 
(bit 
2=0). 
Also 
returns 
the 
DADDO-DADD13 
drivers to their active state. 


CURSOR OFF 


Disables cursor operation. 
Cursor output 
is placed in the 


low state. 


LOAD IR ADDRESS 


This command 
is used to preset the initialization 
register 


pointer 
with 
the value 
"V" 
defined 
by D3-DO. Allowable 
values are 0 to 10. 
CURSOR ON 


Enables normal cursor operation. 
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RESET INTERRUPT/STATUS 
BITS 


This command 
resets the designated 
bits in the interrupt 
and status registers. 
The bit positions 
correspond 
to the bit 
positions 
in the registers: 


ENABLE 
INTERRUPTS 


Resets the selected interrupt 
and status register bits and 


writes 
the 
associated 
interrupt 
mask 
bits 
to a one. 
This 
enables the corresponding 
conditions 
to assert the INTR out- 


put. Bit position 
correspondence 
is as above. 


Bit 0 - 
light 
Pen 
Bit 1 - 
Ready 


Bit 2 - 
Split Screen 
Bit 3 - 
line 
Zero 


Bit 4 - 
Vertical 
Blank 


DELAYED COMMANDS 


This group 
of commands 
is utilized 
for the independent 
buffer 
mode of operation, 
although 
the "increment 
cursor" 
command 
can also be used in other modes. With the excep- 


tion of the "write 
from 
cursor 
to pointer" 
and "increment 


cursor" 
commands, 
all the commands 
of this type will 
be 
executed immediately 
or will be delayed depending 
on when 


the command 
is invoked. 
If invoked during the active screen 


time, the command 
is executed at the next horizontal 
blank- 


ing blanking 
interval. 
If invoked during 
a vertical 
retrace in- 


terval or a "display 
off" 
state, the command 
is executed im- 


mediately. 


DISABLE 
INTERRUPTS 


Sets the interrupt 
mask to zeros for the designated 
condi- 


tions, 
thus 
disabling 
these 
conditions 
from 
asserting 
the 
lNTR output. 
Bit position 
correspondence 
is as above. 


Package 
Type 
Frequency 
Order Number 


Plastic 
2.7 MHz 
MC2672B3P 
P Suffix 
4.0 MHz 
MC2672B4P 


11 


CE 
W. 
3 


CTRLl 
4 


CTRL2 


CTRL3 


CURSOR 
DADDO 


DO 
DADDl 


D1 
DADD2 


D2 
DADD3/1l 


D3 


D4 


D5 


D6 


D7 


CITi< 


BLANK 
VSYNC/ 


CSYNC 
HSYNC 


GND 


• 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
Advanced Video Display Controller 
(AVDC) 


The MC2674 advanced 
video 
display 
controller 
(AVDC) is a programmable 
device designed 
for 
use in CRT terminals 
and display 
systems 
that employ 
raster-scan 
techniques. 
The AVDC generates 
the vertical 
and horizontal 
timing 
signals 
necessary 
for the display 
of interlaced 
or non-interlaced 
data on a CRT monitor. 
It provides 
consecutive 
addressing 
to a user specified 
display 
buffer 
mem- 


ory domain 
and controls 
the CPU-display 
buffer 
interface 
for various 
buffer 
configuration 
modes. A 
variety 
of operating 
modes, 
display 
formats, 
and timing 
profiles 
can be implemented 
by program- 


ming the control 
registers 
in the AVDC. 


A minimum 
CRT terminal 
system 
configuration 
consists 
of an AVDC, a keyboard 
controller, 
an 


asynchronous 
communications 
interface 
adapter, 
character 
ROM, and an attributes 
controller. 
Other 


necessary 
parts of the system 
are a single-chip 
microcomputer 
such as the MC6809, display 
buffer 
RAM, and a small amount 
of TIL 
for miscellaneous 
address 
decoding, 
interface, 
and control. 
Sys- 


3 


tem complexity 
can be enhanced 
by upgrading 
the microprocessor 
and expanding 
via the system 
address 
and data buses. 


• 
4 MHz Character 
Rate 


• 
1 to 256 Characters 
Per Row 


• 
1 to 16 Raster Lines Per Character 
Row 


• 
Bit Mapped 
Graphics 
Mode 


• 
Programmable 
Horizontal 
and Vertical 
Sync Generators 


• 
Interlaced 
or Non-Interlaced 
Operation 


• 
Up to 64K RAM Address 
for Multiple-Page 
Operation 


• 
Readable, Writeable, 
and Incrementable 
Cursor 


• 
Programmable 
Cursor Size and Blink 


• 
AC Line Lock 


• 
Automatic 
Wraparound 
of RAM 


• 
Automatic 
Split Screen 


• 
Automatic 
Bidirectional 
Soft Scrolling 


• 
Programmable 
Scan Line Increment 


• 
Row Table Addressing 
Mode 


• 
Double 
Height Tops and Bottoms 


• 
Double Width 
Control 
Output 


• 
Selectable 
Buffer Interface 
Modes 


• 
Dynamic 
RAM Refresh 


• 
Completely 
TIL 
Compatible 


• 
Single 
+ 5-Volt Power Supply 


• 
Power-On 
Reset Circuit 


• 
Applications 
Include: 
CRT Terminals, 
Word 
Processing 
Systems, 
Small 
Business 
Computers, 


and Home Computers 
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• 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.310 
+ 7.0 
V 


Inpul Vollage 
Vin 
-0.310 
+ 7.0 
V 


Operating 
Temperature 
Range 
TA 
01070 
'c 


Storage 
Temperature 
Range 
TSIQ 
-5510+150 
'c 


Characteristic 
Symbol 
Value 
Rating 


Thermal Resistance 
lIJA 
·CiW 


Plastic Package 
50 


The average 
chip-junction 
temperature, 
TJ' in ·C can be obtained 
from: 


TJ = TA + (PO 0 8JAI 


where: 


TA 
8JA 
Po 
PINT 
PPORT 


= Ambient 
Temperature, 
'c 


= Package Thermal 
Resistance, 
Junction-to-Ambient, 
·cm 


= PINT+ PPORT 
= ICC x VCC' Watts - 
Chip Internal 
Power 


= Port Power Dissipation, 
Watts - 
User Determined 


This 
device 
contains 
circuitry 
to pro- 
tecl the inpulS againsl damage due to 
high static voltages or eleclric fields; 


however. 
it is advised 
that normal 
pre- 
cautions be taken to avoid application 
of any voltage higher than maximum- 
rated voltages to this high-impedance 
circuit. 
For proper 
operation 
it is rec- 
ommended that Vin and Vout be con- 
strained to the range GND,,(Vin 
or 


Vout)"VCc. 
Reliability of operation is 
enhanced 
if unused 
inputs 
are tied 
to 
an appropriate logic voltage levelle.g., 
either GND or VCC). 


For most applications 
PPORT<PINTand 
can be neglected. 
PPORT may become significant 
ifthe 
device is configured 


to drive 
Darlington 
bases or sink LED loads. 


An approximate 
relationship 
between 
Po and TJ (if PPORT is neglected) 
is: 


PO=K+(TJ+273'C) 
(2) 


Solving 
equations 
(1) and (2) for K gives: 


K = Po 
0 (TA + 273·C) + 8JAoP02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part, K can be determined 
from 
equation 
(3) by measuring 
Po (at 


equilibrium) 
for a known 
TA. Using this value of K, the values of Po and TJ can be obtained 
by solving 
equations 


(1) and (2) iteratively 
for any value of TA 
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Parameter 
Symbol 
Min 
Max 
Unit 


Inpul Low Voltage 
VIL 
-0.3 
0.8 
V 


Inpul High Voltage 
VIH 
2.0 
VCC 
V 
Oulpul Low Voltage 1I0L- 2.4 mAl 
VOL 
- 
0.4 
V 


Output High Voltage (Excepl INTR Oulpul) 1I0H= - 200I'AI 
VOH 
2.4 
- 
V 
Inpul LeakageCurrent 1Vin-0 to VCC) 
lin 
-10 
10 
I'A 
Hi-Z (Off-State) LeakageCurrentIVCC-5.25 V. Vin-O.4 102.4 VI 
ITSI 
-10 
10 
I'A 
INTROpen-DrainOutput LeakageCurrent(VO~O to VCCI 
IOD 
- 
10 
I'A 


Internal 
Power Dissipation 
(Measured 
at T A - O°C) 
PINT 
- 
800 
mW 


2.7 MHz 
4.0 MHz 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 


AO-A2 Setup Time to W. A Low 
tAS 
30 
- 
30 
- 
ns 


AO-A2 Hold T,me from W. R HIgh 
tAH 
0 
- 
0 
- 
ns 
IT Setup Time to W. A Low 
tcs 
0 
- 
0 
- 
ns 
IT Hold Time from W. R HIgh 
tCH 
0 
- 
0 
- 
ns 
W. R Pulse Width 
tRW 
250 
- 
200 
- 
ns 


Data Valid after R Low 
too 
- 
200 
- 
200 
ns 


Data Bus Floating after R High 
tDF 
- 
100 
- 
100 
ns 


Data Setup T,me to W High 
tDS 
150 
- 
150 
- 
ns 


Data Hold T,me from W High 
tDH 
10 
- 
5 
- 
ns 


High Time from IT to IT 
tcc 
Consecutive 
Commands 
tccp 
- 
tccp 
- 
ns 
Other Accesses 
300 
- 
300 
- 
ns 


NOTES: 


1. Any 
two 
must 
be high 
for 
tCC. 


2. All 
voltage 
measurements 
are 
referenced 
to ground. 
All 
time 
measurements 
are at the 
0.8 V to 2.0 V level 
for 
inputs 
and 
outputs. 
Input 
levels 
are 0.4 V to 2.4 V. 


• 
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2.7 MHz 
4.0 MHz 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
ceo< Period 
tccp 
370 
1ססoo 
250 
1ססoo 
ns 


CCLK High Time 
tCCH 
125 
- 
100 
- 
ns 


ceo< Low Time 
tCCL 
125 
- 
100 
- 
ns 


Output Delay Time from ceo< Edge 


DADDO-13.MBC 
tCCDl 
40 
175 
40 
150 
ns 


BLANK. HSYNC. VSYNC/CSYNC. CURSOR. BEXT. BJm:l. 
tCCD2 ; 
40 
225 
40 
200 
ns 


SACiC. sa. WDB. l1DB" 


• BCE. WOB. 
and ROB delays track each other within 10 nanoseconds. 
Also. these output delays will tend to follow direction {minimum/max~ 


imuml of DADDO-DADD13 delays. 


Outputs WDB. 


Imll.sa 


NOTES: 


1. DADDO-DADD13. BLANK. HSYNC. CSYNCNSYNC. CURSOR. BEXT. BREa. BCE. MBC. BACK. 
2. BCE changes state on both CCLK edges. 
3. All voltage 
measurements 
are referenced to ground. All time measurements 
are at the 0.8 V to 2.0 V level for inputs and 
outputs. 
Input levels are 0.4 V to 2.4 V. 


2.7 MHz 
4.0 MHz 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 


READY/RDFLG low from W High" 
tRDL 
- 
tCCP+30 
- 
tCCP+30 
ns 


BACK High from PBREa Low 
tBAK 
- 
225 
- 
200 
ns 


BEXT High from PBREa High 
tBXT 
- 
225 
- 
200 
ns 


INTR Low from CCLK Low 
tlRL 
- 
225 
- 
200 
ns 


INTR High from W. R High" 
tlRH 
- 
600 
- 
600 
ns 


ACLL from HSYNC 
tAC 
3x tccp 
- 
3 xtccp 
- 
ns 


"Timing 
is illustrated 
and specified referenced to IN and R inputs. Device may also be operated withCE as the "strobing" 
input. In 
this case. all timing 
specifications 
apply referenced to falling and rising edges of cr. 
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NOTE: 
All voltage 
measurements 
are referenced 
to ground. 
All time 
measurements 
are at the 0.8 V to 2.0 V level 
for 
inputs 
and 
outputs. 
Input 
levels 
are 0.4 V to 2.4 V. 


II 
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----.j 
tAC 


NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 


outputs. Input levels are 0.4 V to 2.4 V. 
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2.7 MHz 
4.0 MHz 


Parameter 
Symbol 
Min 
I 
Max 
Min 
I 
Max 
Unit 


Data Setup 
Time to CCLK Low 
tDSRT 
100 
I 
- 
60 
I 
- 
ns 


Data Hold Time from 
CCLK Low 
tDHRT 
60 
I 
- 
60 
I 
- 
ns 


Latch 00-07 
Into 


SSRl 
Lower 
/ 


CCiJ( 


BLANK 


tCCDl 


MBC 


CURSOR 
• 


tCCDl 


DADO 


NOTE: 
All 
voltage 
measurements 
are referenced 
to ground. 
All time 
measurements 
are at the 0.8 V to 2.0 V level 
for 
inputs 
and 
outputs. 
Input 
levels 
are 0.4 V to 2.4 V. 


Even Field 
COMPOSITE 
SYNC TIMING 
DIAGRAM 


Last Displayed 


Scan 
of L 
. 
--------..L, 
+- 
__ 
I First Displayed 
Scan 
Previous 
Field r-vertlcal 
Front PorCh~Vertical 
SYNCPulse 
Vertical 
Back PorCh~ 
of Even Field 
\ 
I 
Horizontal 
CSYNC 
SYNC 
Pulses 


Odd Field 


Last Displayed 


Scan of 
Even Field\r 
i 
t 
1 


First Displayed 


Vertical 
Front Porch- 
Y2H 
Vertical 
SYNC 
Pulse 
Vertical 
Back Porch- 
Y2H 
Scan 
of 
---...j f.-- ~H 
Odd Field 
I 
nr 


I,...••••...------------·vertical 
Blanking 
Interval-------------- 


NOTES: 


1. In non-interlaced 
operation 
the even field is repeated 
continuously. 


2. In interlaced 
operation 
the even field 
alternates 
with 
the odd field. 
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The input and output 
signals for the AVDC are described 


in the following 
paragraphs. 


ADDRESS 
LINES (AO-A2) 


These input lines are used to select AVDC internal register 


for read/write 
operations 
and for commands. 


DATA 
BUS (00-07) 


The 8-bit 
bidirectional 
three-state 
data 
bus controls 
all 


data, command, 
and status transfers between 
the CPU and 


the AVDC. 
Bit 0 is the least significant 
bit and bit 7 is the 
most 
significant 
bit. 
The direction 
of the transfer 
is con- 


trolled by the read 1\1) and write IW) inputs when chip enable 
ICEI input is low. When the CE input is high, the data bus is 
in the three-state 
condition. 


READ STROBE lRl 


This pin is an active low input. A low on this pin while CE 


is low causes the contents 
of the register selected by the ad- 
dress lines to be placed on the data bus. The read cycle 
begins on the leading Ifalling) 
edge of R. 


WRITE STROBE (W) 


This is an active low input. 
A low on this pin while CE is 
also low causes the contents 
of the data bus to be transfer- 
red to the register selected by the address lines. The transfer 
occurs on the trailing Irising) 
edge of W. 


CHIP ENABLE (CE) 


This is an active low input. When low, data transfers bet- 


ween the CPU and the AVDC are enabled on the data bus as 
controlled 
by the write 
strobe, 
read strobe, 
and address 


lines. When 
CE is high, 
effectively, 
the AVDC 
is isolated 


from 
the data bus and 00-07 
are placed in the three-state 
condition. 


CHARACTER 
CLOCK (CCLK) 


This input is the timing 
signal derived from the video dot 
clock which 
is used to synchronize 
the AVDC's 
timing func- 


tions. 


HORIZONTAL 
SYNC (HSYNC) 


This active 
high 
output 
provides 
video 
horizontal 
sync 


pulses. The timing 
parameters are programmable. 


VERTICAL 
SYNC/COMPOSITE 
SYNC (VSYNC/CSYNC) 


A control 
bit 
selects 
either 
vertical 
or composite 
sync 


pulses on this active high output. 
When CSYNC is selected, 


equalization 
pulses are included. 
The timing 
parameters are 


programmable. 


BLANK 
(BLANK) 


This active high output 
defines the horizontal 
and vertical 


borders of the display. Display control signals which are out- 
put 
on 
display 
addresses 
DADDO 
and 
DADD3 
through 
DADD13 
are valid on the trailing edge of BLANK. 


CURSOR GATE (CURSOR) 


This output 
becomes active for a specified number of scan 


lines when 
the 
address 
continued 
in the 
cursor 
register 
matches the address output on DADDO through 
DADD13 for 


displayable character addresses. The first and last lines of the 
cursor and a blink option are programmable. 
When the row 


table addressing 
mode is enabled, this output 
is active for a 
portion of the blanking interval prior to the first scan line of a 
character 
row, while 
the AVDC 
is fetching 
the starting 
ad- 
dress for that row. 


INTERRUPT 
REQUEST (lNTR) 


This is an open-drain 
output 
which 
supplies an active low 
interrupt 
request from any of five maskable sources. This pin 


is inactive 
after 
a power-on 
reset or a master 
reset command. 


AC LINE LOCK (ACLU 


If this input 
is low 
after 
the programmed 
vertical 
front 


porch interval. 
the vertical front porch will be lengthened 
by 


increments 
of horizontal 
scan line times until this input goes 


high. 


HANDSHAKE 
CONTROL 
1 (CTRLl) 


In independent 
mode, 
provides 
an active 
low write 
data 
buffer 
1V'Jl:lB) output 
which 
strobes data from the interface 


latch 
into 
the display 
memory. 
In transparent 
and shared 
modes, this is an active low processor 
bus request I PBREO) 
input 
which 
indicates 
that 
the CPU desires to access the 
display memory. 


HANDSHAKE 
CONTROL 2 ICTRL21 


In independent 
mode, 
provides 
an active 
low read data 


buffer 
IRDB) 
output 
which 
strobes 
data from 
the display 
memory 
into the interface 
latch. 
In transparent 
and shared 
modes, this is an active low bus external enable (BEXT) out- 
put which 
indicates that the AVDC has relinquished 
control 


of the display 
memory 
IDADDO-DADD13 
are in the three- 
state condition) 
in response 
to a CPU bus request. 
BEXT 


also goes low in response to a 'display off and float DADO' 
command. 
In row buffer 
mode, 
it 
IS an active low bus re- 


quest 
IBREO) 
output 
which 
halts 
the 
CPU during 
a line 


DMA. 


HANDSHAKE 
CONTROL 3 (CTRL3) 


In independent 
mode, provides the active low buffer chip 


enable IBCEI signal to the display 
memory. 
In transparent 


and shared modes, provides an active low bus acknowledge 
(BACK) 
output 
which 
serves as a ready signal to the CPU in 


response 
to a processor 
bus request. 
In row buffer 
mode, 


this 
is an active 
high 
memory 
bus control 
IMBCI 
output 


which 
configures 
the system 
for the DMA 
transfer 
of one 


row of character 
codes 
from 
system 
memory 
to the row 


display buffer. 


DISPLAY 
ADDRESS 
(DADDO-DADD13) 


These outputs 
are used by the AVDC to address up to 16K 
of display memory directly, 
or to 64K of memory by demulti- 


plexing DADD14 and DADD15. 
These outputs 
are floated at 


various times depending 
on the buffer mode. Various control 
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signals are multiplexed 
on DAD DOthrough 
DADD13 and are 
valid at the trailing 
edge of BLANK. 
The following 
para- 
graphs describes the control 
signals. 


LINE 
GRAPHICS 
(DADOO/LGI 
- 
This 
is the 
output 
which 
denotes 
bit-mapped 
graphics 
mode. 


DISPLAY 
ADDRESS 
14 (DADD1/DADD14J 
- 
This is the 
multiplexed 
address bit used to extend addressing 
to 64K. 


DISPLAY 
ADDRESS 
15 (DADD2/DADD151 
- 
This is the 
multiplexed 
address bit used to extend addressing 
to 64K. 


LAST ROW (DADD3/LR) 
- 
This is the output which indi- 
cates the last active character 
row of each field. 


LINE 
ADDRESS 
(DADD4-DADD7/LA(HA31 
- 
These 
outputs 
provide 
the number 
of the current 
scan line count 
for each character 
row. 


FIRST LINE (DADD8/FL) 
- 
This output 
is asserted dur- 


ing the blanking 
interval 
just 
prior to the first scan line of 
each character 
row. 


DOUBLE WIDTH 
(DADD9/DW) 
- 
This output 
denotes a 
double width 
character 
row. 


UNDERLINE 
(DADD10/UL) 
- 
This 
output 
is asserted 
during the blanking 
interval just prior to the scan line which 
matches the programmed 
underline 
position 
!line 0 through 
15l. 


BLINK 
FREOUENCY 
(DADD11/BLlNKI 
- 
Blink 
fre- 


quency 
provides 
an output 
divided 
down 
from the vertical 


sync rate. 


ODD FIELD IDADD12/0DDI 
- 
This active high signal is 


asserted before each scan line of the odd field when interlace 
is specified. 
Replaces DADD4/LAO 
as the least significant 
line address for interlaced 
sync and video applications. 


LAST LINE (DADD13/ 
LLl - 
This output 
is asserted dur- 


ing the blanking interval just prior to the last scan line of each 
character 
row. 


VCC AND GND 
Power is supplied to the AVDC using these two pins. VCC 


is the + 5 volts ± 5% power 
input and GND is the ground 
connection. 


As shown 
in the block diagram, 
the AVDC 
contains 
the 


following 
major 
blocks: 
data 
bus buffer, 
interface 
logic, 


operation 
control, 
timing, 
display control, 
and buffer 
con- 


trol. 
The 
major 
blocks 
are 
described 
in 
the 
following 
paragraphs. 


DATA 
BUS BUFFER 


The data bus buffer provides the interface between the ex- 
ternal and internal data buses. It is controlled 
by the opera- 


tion control 
block to allow read and write operations 
to take 
place between 
the controlling 
CPU and the AVDC. 


INTERFACE LOGIC 


The interface 
logic contains 
address decoding 
and read 
and 
write 
circuits 
to 
permit 
communications 
with 
the 
microprocessor 
via the data buffer. 
The functions 
performed 
by the CPU read and write operations 
are shown in .Table 1. 


OPERATION 
CONTROL 


The operation 
control 
section decodes configuration 
and 
operation 
commands 
from 
the 
CPU 
and 
generates 
ap- 


propriate 
signals 
to other 
internal 
sections 
to control 
the 
overall device operation. 
It contains 
the timing 
and display 


registers which 
configure 
the display format 
and operating 
mode, the interrupt 
logic, and the status register which 
pro- 


vides operational 
feedback to the CPU. 


TIMING 


The timing 
section 
contains 
the counters 
and decoding 
logic necessary to generate the monitor 
timing 
outputs 
and 
to control 
the display format. 
These timing 
parameters 
are 
selected by programming 
of the initialization 
registers. 


DISPLAY 
CONTROL 


The display control 
section generates linear addressing 
of 
up to 16K bytes of display 
memory. 
Internal 
comparators 


limit the portion 
of the memory 
which 
is displayed 
to pro- 


grammed values. Additional 
functions 
performed 
in this sec- 


tion include cursor positioning 
and address comparisons 
re- 


quired for generation 
of timing 
signals, 
double-height 
tops 
and bottoms, 
smooth 
scrolling, 
and the split-screen 
inter- 


rupts. 


BUFFER CONTROL 


The buffer 
control 
section 
generates three signals which 


control the transfer of data between the CPU and the display 
buffer 
memory. 
Four system 
configurations 
requiring 
four 
different 
'handshaking' 
schemes are supported. 
These are 


described in SYSTEM 
CONFIGURATIONS. 


A2 
Al 
AO 
Read I'R'=O) 
WriteIW=O) 
0 
0 
0 
Interrupt 
Register 
Initialization 
Registers· 
0 
0 
1 
Status 
Register 
Command 
Register 


0 
1 
0 
Screen 
Start 
1 Lower 
Register 
Screen 
Start 
1 Lower 
Register 


0 
1 
1 
Screen 
Start 
1 Upper 
Register 
Screen 
Start 
1 Upper 
Register 
1 
0 
0 
Cursor 
Address 
Lower 
Register 
Cursor 
Address 
Lower 
Register 


1 
0 
1 
Cursor 
Address 
Upper 
Register 
Cursor 
Address 
Upper 
Register 


1 
1 
0 
Screen 
Start 
2 Lower 
Register 
Screen 
Start 
2 
Lower 
Register 
1 
1 
1 
Screen 
Start 
2 Upper 
Register 
Screen 
Start 
2 Upper 
Register 


• There are 15 initialization 
registers 
which 
are accessed 
sequentially 
via a single address. 


The AVDC 
maintains 
an internal 
pointer 
to these 
registers 
which 
is incremented 
after 


each write 
at this address 
until 
the last register 
lIR141 is accessed. 
The pointer 
then con- 


tinues 
to point 
to IR14 for additional 
accesses. 
Upon 
a power-on 
or a master 
reset com- 


mand. 
the internal 
pointer 
is reset 
to point 
to the first 
register 
IIRO) of the initialization 


register 
group. 
The internal 
pointer 
can also be preset to any register 
of the group 
via the 
'load 
IR address 
pointer' 
command. 
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Figure 1 illustrates 
the block diagram 
of a typical 
display 


terminal 
that uses an MC2674, character ROM, a keyboard in- 
terface, and an attribute 
controller. 
In this system, the CPU 


examines 
inputs 
from 
the 
data 
communications 
line 
and the 
keyboard and places the data to be displayed 
in the display 
buffer memory. This bufferis typically 
a RAM which holds the 
data for a single or multiple screen load (page) or for a single 


character 
row. 


The AVDC supports 
four common 
system configurations 
of 
display··buffer 
memory, 
designated 
the 
independent, 


transparent, 
shared, and row-buffer 
modes. 
The fi'st 
three 


modes 
utilize 
a single 
or 
multiple 
page 
RAM 
and 
differ 
primarily 
in the means used to transfer display data between 


the RAM and the CPU. The row-buffer 
mode makes use of a 
single row buffer 
Iwhich 
can be a shift 
register or a small 
RAMI that is updated in real time to contain the appropriate 
display data. 


The user programs 
IRQ bits Q and t select the mode best 
suited for the system environment. 
The CTRL1, CTRL2, and 
CTRL3 outputs perform different functions for each mode and 
are named accordingly 
in the description 
of each mode. 


INDEPENDENT 
MODE 


The CPU-to-RAM 
interface configuration 
for this mode is 


illustrated 
in Figure 2. Transfer of data between the CPU and 
display memory 
is accomplished 
via a bidirectional 
latched 
port and is controlled 
by read data buffer IRDB), write data 
buffer (WDB), 
and buffer chip enable (BCEI. This mode pro- 


vides a non-contention 
type of operation 
that does not re- 


quire address multiplexers. 
The CPU does not address the 


memory directly 
- 
the read or write operation 
is performed 
at the address contained 
in the cursor address register or the 
pointer address register as specified by the CPU. The AVDC 
enacts the data transfers during blanking intervals in order to 
prevent visual disturbances 
of the displayed data 


The CPU manages the data transfers 
by supplying 
com- 


mands to the AVDC. 
The commands 
used are: 


1 Read/write 
at pointer address, 


2. Read/write 
at cursor address (with 
optional 
increment 
of address), and 


3. Write from cursor address to pointer address. 


The operational 
sequence for a write operation 
is: 
1. CPU checks 
RDFLG status 
bit to assure that any de- 


layed commands 
have been completed. 


2. CPU loads data to be written 
to display memory into the 


interface 
latch. 


3. CPU writes address into cursor or pointer 
registers. 


4. CPU issues "write 
at cursor with/without 
increment" 


or "write 
at pointer" 
command. 


5. AVDC generates control 
signals and outputs 
specified 
address to perform 
requested operation. 
Data is copied 
from the interface 
latch into the memory. 


6. AVDC 
sets RDFLG status to indicate that the write 
is 
completed. 


Similarly, 
a read operation 
proceeds as follows: 


1. Steps 1. and 3. as above. 


2. CPU issues "read at cursor with/without 
increment" 
or 


"read at pointer" 
command. 


3. AVDC 
generates control 
signals and outputs 
specified 
address to perform 
requested operation. 
Data is copied 
from 
memory 
to the 
interface 
latch 
and AVDC 
sets 
RDFLG status to indicate that the read is completed. 


4. CPU checks RDFLG status to see if operation 
is com- 


pleted 


5. CPU reads data from interface 
latch. 


Loading the same data into a block of display memory 
is 


accomplished 
via the "write 
from 
cursor 
to pointer" 
com- 
mand: 


CPU checks 
RDFLG status 
bit to assure that any de- 


layed commands 
have been cOMpleted. 


2. CPU loads data to be written 
to display memory into the 
interface 
latch. 


3. CPU writes 
beginning 
address 
of memory 
block 
into 
cursor address register and ending address of block into 
pointer address register. 


4. CPU issues "write 
from cursor to pointer" 
command. 


5. AVDC generates control 
signals and outputs 
block ad- 
dresses to copy data from 
the interface 
latch into the 


specified 
block of memory. 


6. AVDC 
sets RDFLG status 
to indicate 
that 
the block 


write is completed. 


Similar 
sequences 
can be implemented 
on an interrupt 
driven basis using the READY interrupt 
output 
to advise the 
CPU that a previously 
asserted delayed command 
has been 


completed. 


Two timing sequences are possible for the "read/write 
at 


cursor/pointer" 
commands. 
If the command 
is given during 
the active display window 
Idefined 
as first scan line of the 


first character 
row to the last scan line of the last character 


rowl, 
the operation 
takes place during 
the next horizontal 


blanking interval, as illustrated 
in Figure 3. If the command 
is 
given 
during 
the 
vertical 
blank·ing 
interval, 
or while 
the 
display has been commanded 
blanked, 
the operation 
takes 
place immediately. 
In the latter case, the execution 
time for 


the command 
is approximately 
five 
character 
clocks 
(see 
Fi(lure 41. 


Timing for the "write 
from cursor to pointer" 
operation 
is 


shown in Figure 5. The memory is filled at a rate of one loca- 
tion per two character times. The command will execute only 
during blanking intervals and may require many horizontal 
or 


vertical 
blanking 
intervals 
to complete. 
Additional 
delayed 


commands 
can be asserted immediately 
after this command 
has completed. 
Immediately 
commands 
can 
be 
asserted 
at 
any 
time 
regardless of the state of the ready state/ interrupt. 
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Double 
Height 
Logic 


Soft 
Scroll 
Logic 


Attributes 
and 
Color 
Logic 


• 


• 


AVDC 


DADD 


Refresh 
RAM 


ADR 


CTRL3 


CTRLl 


CTRL2 


To 


Video 
Logic 


CCLK 


CE 


W 


BLANK 


DADD 


1illB 


Wl5B 


BCE 
,- 


NOTES: 


1. Write waveforms shown in dotted lines. 
2. If command execution occurs just prior to the first scan line of a character row and row table addressing mode is enabled, 


execution of the command is delayed by two character clocks from the timing illustrated. 


3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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NOTE: All voltage measurements 
are referenced to ground. All time measurements 
are at the 0.8 V to 2.0 V level for inputs and 
outputs. 
Input levels are 0.4 V to 2.4 V. 


SHARED 
AND TRANSPARENT 
BUFFER MODES 


In these modes, 
the display buffer 
RAM is a part of the 


CPU memory domain and is addressed directly by the CPU. 
Both modes use the same hardware 
configuration 
with 
the 


CPU accessing the display buffer via three-state 
drivers Isee 


Figure6l. 
The processor bus request IPBREO) control signal 


informs 
the AVDC 
that the CPU is requesting 
access to the 


display buffer. 
In response to this reques!. the AVDC raises 


bus acknowledge 
(BACKI 
until its bus external (BEXTI out- 


put has freed the display address and data buses for CPU ac- 
cess. BACK, 
which 
can be used as a "hold" 
input 
to the 


CPU, is then lowered to Indicate that the CPU can access the 
buffer. 
In transparent 
mode, the AVDC delays the granting 
of the 


buffer to the CPU until a vertical or horizontal 
blanking inter- 


val, thereby causing minimum 
disturbance 
of the display. 
In 
shared mode, the AVDC will blank the display and grant im- 
mediate 
access to the CPU. Timing 
for these modes is il- 


lustrated 
in Figures 7, 8, and 9. 


ROW BUFFER MODE 


Figures 10 and 11 show the timing and a typical hardware 


implementation 
for the row 
buffer 
mode. 
During 
the first 
scan line Iline 0) of each character 
row, the AVDC halts the 


CPU and DMA's 
the next row of character 
data from 
the 


system memory 
to the row buffer 
memory. 
The AVDC then 
releases the CPU and displays 
the row buffer 
data for the 


programmed 
number of scan lines. The control signal BREO 
informs 
the 
CPU that 
character 
addresses 
and the 
MBC 
signal will start at the next falling edge of BLANK. 
The CPU 
must release the address and data buses before this time to 
prevent 
bus contention. 
After 
the row of character 
data is 


transferred 
to the CPU, BREQ returns high to grant memory 


control 
back to the CPU. 


ROW TABLE ADDRESS 
MODE 


In this 
mode, 
each character 
row 
in the screen 
image 
memory has a unique starting address. This provides greater 
flexibility 
with respect to screen operations, 
such as editing, 


than the sequential addressing 
mode. The row table, Figure 


12, is a list of starting addresses for each character row and 
may reside anywhere 
in the AVDC's 
addressable 
memory 


space. Each entry in the table consists of two bytes: the first 
byte contains the eight least significant 
bits of the row start- 
ing address and the second 
byte contains, 
in its six least 


significant 
bits, the six most significant 
bits of the row start- 
ing address. The function 
of the two most significant 
bits of 


the second 
byte is selected 
by programming 
IRO(7). They 


may be used either as row attribute 
bits to control 
double 


width and double height for that character row, or as an ad- 
ditional 
two 
address 
bits 
to 
extend 
the 
usable 
display 


memory to 64K. 


The first address of the row table operation 
is designated 
in screen start register 2 ISSR2J. If row table addressing 
is 


enabled via IR217l, the AVDC fetches the next row's starting 
address from the table during 
the blanking 
interval prior to 
the 
first 
scan 
line 
of 
each 
character 
row, 
while 
simul- 


taneously 
incrementing 
the contents 
of SSR2 by two so as 
to point to the next table entry. The fetching 
of the row start- 
ing address from the row table is indicated 
by the assertion 
of the CURSOR output 
during 
BLANK. 
The address 
read 


from 
the 
table 
by the 
AVDC 
is loaded 
into 
screen 
start 
register 
1 (SSR11 for use internally. 
Since the contents 
of 


SSR2 changes as the table entries are fetched, 
it must be re- 


initialized to point to the first table entry during each vertical 
retrace interval. 


Row table addressing 
is intended 
primarily for use in con- 
junction 
with the row buffer mode of operation 
and requires 
no additional 
circuitry 
in that case. It may also be used with 
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CCLK 


IT 


IN 


BLANK 


HSYNC 


s:0-t 
DADO 
0 
:lI:J0 
!i= 
WDB 
s:n 


w 
:lI:J 
BCE 
J,. 
0 


N 
"'tl 
:lI:J0 
ROB 
(')mtntn0 
BLANK 


:lI:J 
C» 
HSYNC 
-t» 


DADO 


BLANK 


HSYNC 


DADO 


• 


, 
I 
\ 


HFP= 
Odd 


~ 
I 
, 


-----~ 
HFP=Even 
,------ 


-~ 
\_-- 
I 


Command 


Completion 


NOTE: 


If command 
execution 
occurs 
just prior to the first scan line of a character 
row and row table addressing 
mode 
is enabled, 
execution 
of the 


command 
is delayed 
by two 
character 
clocks 
from 
the timing 
illustrated. 


{ 


15BRTIi 


CPU 


BACK 


BEXT 


r- -- - - - -+--------- 
____ 
.J 121 


r-----~-- 
------ 
__-1 


121 
~--., 
\~------ 


NOTES: 


1. PBREOmust be asserted prior to the risin~e 
of BLANK in order for sequence to begin during that blanking period. 
2. If PBREOis negated after the next to last CCLKof the horizontal blanking interval. the next scan line will also be blanked. 
3. Accesses during vertical blank or "display off" are granted only at the beginning of the horizontal front porch. 
4. If row table addressing is enabled, CPUaccessis delayed by two character clocks prior to the first scan line of each character 
row. 
5. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 


outputs. Input levels are 0.4 V to 2.4 V. 
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• 


,.-- 
---- 
-...Jy-- -- 
- ------- 
1111 
_____ 
.J 


r----- 
-.Jr----------- 
_____ 
J 


112.. 
+ 
,,'--- ----- 


NOTES: 


1. If PBREQis negated after the next to last CCLKof the horizontal blanking interval, the next scan line will also be blanked. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 


outputs. Input levels are 0.4 V to 2.4 V. 


••, 


•••• 


Refresh 
Addresses 
Refresh 


Addresses 


"• 
------- 
+-------- 


It. 
•"•• 


System 
Processor 
Has Continuous 
Bus Control 


t~ 


the other modes, but circuitry must be added to route the 
data from the display memory to the data bus inputs of the 
AVDC. 
Additionally, 
when 
not 
operating 
in row 
buffer 
mode, care must be taken to assure that the CPU does not 
a!lemptto 
access the AVDC while it is reading the row table. 


One way of preventing this is to latch prior to reading or 
writing the AVDC. The AVDC should only be accessed if the 
latch is low, indicating that the last line of the row is not 
active. 


Figure 13 illustrates a typical hardware implementation for 
use in conjunction with independent and transparent modes, 
and Figure 14 shows the timing for row table operation. 


After power is applied, the AVDC will be in an inactive 


state. 
Two 
consecutive 
"master 
reset" 
commands 
are 
necessary to release this circuitry and ready the AVDC for 
operation. 
Two register groups exist within 
the ADC; the 


initialization registers and the display control registers. The 
initialization 
registers 
select 
the 
system 
configuration, 
monitor 
timing, 
cursor 
shape, 
display 
memory 
domain, 
pointer address, scrolling region, double height and width 
condition, and screen format. These are loaded first and nor- 
mally require no modification except for certain special visual 
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2x2111 


Row 
Refresh 
RAM 


NOTES: 


1. If row table addressing is enabled, BREQwill be asserted at the middle of the last scan line of the prior row, and MBC will 
be asserted at the beginning of BLANK. 


2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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0 
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BLANK 


HSYNC 
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BREO 


Row 
Buffer 
Mode 
MBC 


= Multiplexed 
Control 
Signals 


EC 
= Equalizing 
Constant 


HSW= 
Horizontal 
SYNC 
Width 


------- 
••-I-EC+2 HSW 
CCLKs 


II 
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ory address 
of the base character 
(upper 
len corner 
UI 
screen). 
the cursor 
position, 
and the split 
screen 
ad- 


dresses 
associated 
with 
the scrolling 
area or an alter- 


nate memory. 
These may require 
modification 
during 
operation. 


After 
initial 
loading 
of the two 
register 
groups, 
the 
AVDC is ready to control 
the monitor 
screen. 
Prior to 


executing 
the AVDC commands 
which 
turn on the dis- 


play cursor, 
the user should 
load the display 
memory 
with 
the first 
data to be displayed. 
During 
operation, 


the AVDC will sequentially 
address the display 
memory 
within 
the 
limits 
programmed 
into 
its registers. 
The 


memory 
outputs 
character 
codes to the system 
char- 
acter and graphics 
generation 
logic, where they are con- 


verted 
to the serial 
video 
stream 
necessary 
to display 
the data on the CRT. The user effects 
changes 
to the 


CRT. The user effects 
changes 
to the display 
by modi- 
fying 
the contents 
of the display 
memory, 
the AVDC 
display 
control 
and command 
registers, 
and the initial- 


ization 
registers, 
if required. 
Interrupts 
and status con- 


There 
are 15 initialization 
registers 
(lRO-IR14) which 
are accessed sequentially 
via a single address. The AVDC 
maintains 
an internal 
pointer 
to these 
registers 
which 
is incremented 
after each write 
at this address 
until the 
last register 
(lR14) is accessed. The pointer 
then contin- 
ues to point to IR14 for further 
accesses. Upon a power- 


on or a master reset command, 
the internal 
pointer 
reset 
to 
point 
to the first 
register 
(lRO) of the 
initialization 
register 
group. 
The internal 
pointer 
can also be preset 
to any register 
of the group 
via the "load 
IR address 
pointer" 
command. 
These registers 
are write 
only and 
are used to specify 
parameters 
such as the system 
con- 
figuration, 
display 
format, 
cursor 
shape, 
and monitor 
timing. 
Register formats 
are shown 
in Figure 
15. 


Double 
Scan Lines Per Character 
Row 
Sync 
Buffer-Mode 


Height! 
Non-I nterlaced 
Interlaced 
Select 
Select 
Widthססoo- 
1 Line 
oooo~ 
2 Lines 
0= VSYNC 
00 ~ Independent 


0001 = 2 Lines 
0001 = 4 Lines 
1 = CSYNC 
01 ~ Transparent 
001O~ 3 Lines 
0010= 
6 Lines 
10= Shared 
. 
. 
11 =Row 
. 
. 
Buffer 
1110= 
15 Lines 
1110 = 30 Lines 
1111 = 16 Lines 
1111 = Undefined 


Interlace 
Equalizing 
Constant 


Enableס0ooooo = 1 IT[j( 


0= Non- 


o00ooo1 = 2 IT[j( 
. 
Calculated 
from: 


Interlace 
. 
EC= 0.5 IHACT+ 
HFP + HSYNC 
+ HBP} - 2IHSYNC) 


1 ~ Inter- 
1111110= 
127 IT[j( 
lace 
1111111 = 128 IT[j( 


Row 
Table 
Horizontal 
Sync Width 
Horizontal 
Back Porch 


0 
Offססoo- 
2 CCLK 
000- 
Not Allowed 


I=On 
0001 = 4 CCTI< 
001 =3 CCIT 
. 
. 
. 
. 
1110= 30 CCLK 
110=23 
CCLK 


1111 =32 
CCLK 
111-27CCLK 
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Vertical 
Front Porch 
Vertical 
Back 
Porch 


000 ~ 4 Scan 
Lines 
0סס oo ~ 4 Scan 
Lines 


001 ~ B Scan 
Linesסס oo1 = 6 Scan 
Lines 
. 
. 
. 
. 


110~ 28 Scan 
Lines 
11110 = 64 Scan 
Lines 


111 =32 
Scan 
Lines 
11111 = 66 Scan 
Lines 


Character 
Blink 
Rate 
Active Character 
Rows Per Screen 


0= 
1/64ס0ooooo = 1 Row 
VSYNC 
o00ooo1 = 2 Rows 


1 = 1/128 
· 
VSYNC 
·· 
1111110= 
127 Rows 


1111111 = 128 Rows 


Active 
Characters 
Per Row 


o00ooo10 - 3 Characters 
o00ooo1 1 ~ 4 Characters 


1111111 0 ~ 255 Characters 
11111111 = 256 Characters 


First Line of Cursor 
Last Line of Cursor 


סס oo= 
Scan 
Line 0ססoo= 
Scan Line 0 
oexn = Scan Line 1 
0001 ~ Scan 
Line 1 
. 
· 
. 
· 
1110= 
Scan 
Line 14 
1110 = Scan 
Line 14 
1111 = Scan 
Line 15 
1111 = Scan 
Line 15 


Cursor 
Cursor 
Underline 
POSltio~ 
Light 
Pen Line 
Blink 
Rate 


00 - Scan 
Line 3 
O-Off 
0- 
1/32סס oo- 
Scan 
Line 0 
01 = Scan 
Line 1 
1 =On 
1 = 1/64 
0001 = Scan 
Line 1 
10 = Scan 
Line 5 
· 
11 ~ Scan 
Line 7 
· 
1110~ 
Scan 
Line 14 


1111 = Scan 
Line 15 
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543 


Display 
Buffer 
First Address 
LS Bs 


H'OOO'-0 
H'OOl'= 
1 


H'FFE'=4,094 
H'FFF' = 4,095 


Display 
Buffer 
Last Address 
Display 
Buffer 
First Address 
MSBs 


ססoo= 
1,023 
0001 =2,047. 
See IR8 
. 


1110= 
15,359 
1111 = 16,383 


LZ Down 
LZ Up 
Display 
Pointer 
Address 
Upper 


O"VTl 
U"VI 
H'uuuu' 
0 
l=On 
1 ~On 
H'OOOl'= 
1.. 


H'3FFF' 
= 16,383 


Scroll 
Start 
Split 
Register 
1 


O-Offס0ooooo - 
Row 
1 
1=On 
o00ooo1 = Row 2 
.. 


1111111 = Row 
128 
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Scroll End 
Split Register 2 
O=Offס0ooooo= Row 1 
1=On 
o00ooo1= Row 2 
.. 


1111111= Row 128 


Double 1 
Double 2 
Lines to Scroll 
00 
Normal 
00 
Normalסס oo 
1 
01= Double Width 
01= Double Width 
0001=2 
10= Double Width 
1O~Double Width 
. 


and Tops 
and Tops 
. 


11= Double Width 
11= Double Width 
"10= 
15 
and 80ttoms 
and Bottoms 
1111= 16 


DOUBLE HEIGHT/WIDTH 
ENABLE (lROI7]) - 
When this 
bit is set, the value in IR14[7:61 is used to control 
the double 


height and width 
conditions 
of each character 
row. Asser- 
tion of this bit also allows IR14[7:61 to be programmed 
in two 
ways: 


1. By the CP writing 
to IR14 directly. 


2. When 
the contents 
of screen start 
register 
1 (SSR11 
upper are changed, 
either 
by the CPU writing 
to this 
register 
or by the automatic 
loading 
of 
SSR1 when 
operating 
in row table mode, 
the two most significant 
bits of SSR1 upper are copied into IR14[7:6J. Thus, the 
most significant 
bits of each row table entry can be us- 
ed to control 
double height and double width attributes 
on a row-by-row 
basis. 


IR14[5:41 are not active when this bit is set. When this bit 
is reset, the double 
height and width 
attributes 
operate as 
described 
in IR[14J. 


SCAN 
LINES PER CHARACTER 
ROW (lRO[6:3]) 
- 
Both 
interlaced and non-interlaced 
scanning are supported 
by the 
AVDC. 
For interlaced 
mode, 
two 
different 
formats 
can be 
implemented, 
depending 
on the 
interconnection 
between 
the AVDC and the character generator (see IR1[7]). This field 
defines 
the number 
of scan lines used to compose 
a char- 
acter row for each technique. 
As scanning occurs, 
the scan 


line count 
is output 
on the LAO-LA3 and ODD pins. 


VSYNC/CSYNC 
(lRO[2]) - 
This bit selects either vertical 
sync 
pulses 
or 
composite 
sync 
pulses 
on 
the 
VSYNC/ 


CSYNC output 
(pin 181. The composite 
sync waveform 
con- 


forms to EIA RS170 standards, 
with the vertical interval com- 


posed of six equalizing 
pulses, six vertical sync pulses, and 
six more equalizing 
pulses. 


BUFFER MODE SELECT (lRO[l :0]) - 
Four buffer memory 


modes 
may 
be selectively 
enabled 
to 
accommodate 
the 
desired 
system configuration. 
See SYSTEM 
CONFIGURA- 
TIONS. 


INTERLACE 
ENABLE 
(lR1[7]) 
- 
Specifies 
interlaced 
or 
non-interlaced 
timing 
operation. 
Two 
modes of interlaced 
operation 
are available, 
depending 
on 
whether 
LO-L3 or 


ODD, 
LO-L2 are used as the line address for the character 
• 


generator. 
The resulting 
displays are shown inFigure 
16. 


For "interlaced 
sync" 
operation, 
the same information 
is 
displayed in both odd and even fields, resulting in enhanced 
readability. 
The AVOC 
outputs 
successive 
line numbers 
in 
ascending 
order on the LAD-LA3 lines, one per scan line for 
each field. 


The "interlaced 
sync and video" 
format doubles the char- 
acter density on the screen. The AVOC outputs 
successive 
line numbers 
in ascending 
order on the odd and LAO-LA2 
lines, one per scan line for each field. 


EQUALIZING 
CONSTANT 
(lR1[6:0]) 
- 
This field indirect- 


ly defines the horizontal 
front porch and is used internally 
to 
generate 
the equalizing 
pulses for 
the 
RS 170 compatible 
CSYNC. 
The value 
for 
this 
field 
is the 
total 
number 
of 


character 
clocks 
ICCLKs) 
during 
a horizontal 
line 
period 
divided 
by two, 
minus two 
times the number 
of character 
clocks in the horizontal 
sync pulse: 


The definition 
of the individual 
parameters is illustrated 
in Fig- 
ure 17. 


Note that when using the attributes 
controller 
it will delay 


the blank pulse three CCLKs relative to the HSYNC pulse. 


ROW TABLE MODE ENABLE (IR2[7]) 
- 
Assertion/nega- 
tion 
of 
this 
bit 
causes 
the 
AVOC 
to 
begin/terminate 
operating 
in row table mode starting 
at the next character 
row. See ROW TABLE ADDRESS 
MODE. By using the split 


interrupt 
capability 
of the AVOC, 
this mode can be enabled 


and disabled 
on a particular 
character 
row. 
This allows 
a 
combination 
of row table and sequential 
addressing 
to be 
utilized 
to 
provide 
maximum 
flexibility 
in generating 
the 
display. 


HORIZONTAL 
SYNC 
PULSE WIDTH 
(lR2[6:3]) 
- 
This 
field 
specifies 
the 
width 
of 
the 
HSYNC 
pulse 
in 
CCLK 
periods. 
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{:=O~~=:}l 
_L2 
_ 


_ 
L3 


Line Address 


To Character 
Generator 
c 
~ ~ 
7 
8 


o-e-e-e-e-e-- 
1-0-0-0-0-0-- 
-e 
2-0 


3 -e 
3-0 


4 -e-e-e 
4-0-0-0 


5 -e 
5-0 


6 -e 
6-0 
-e-e-e-e-e-- 
7-0-0-0-0-0-- 


-e-e-e-e-e-- 
-e 
-e 


4 -e-e-e 


5 -. 
6 -e 


~.~ {~ 
a~ 
4 
0'" 
...-.5 
6 


8 


o 
1-00000 


2 -e 
3-0 


4 -e.e 
5-0 


6 -e 
7-00000 


8 


1-00000 
-e 
3-0 
-... 
5-0 
-e 
7-00000---- 


o-e-e-e-e-e-- 
1-0-0-0-0-0-- 
-e 
2-0 
-e 
3-0 
-e-e-e 
4-0-0-0 
-e 
5-0 


6 -e 


6-0 
-e-e-e-e-e-- 
7-0-0,..0-0-0-- 


8 


1-00000 
-e 
3-0 


4 -e 
•• 
5-0 


6 -e 
7-00000---- 


-e 


3 -. 


4 -.-e-e 


5 -e 


6 -e 


7 -e-e-e-e-e-- 


8 


1-00000 
-e 
3-0 
-eee 
5-0 


6 -e 


HORIZONTAL 
BACK 
PORCH (IR2[2:0)) 
- 
This 
field 
defines 
the number 
of CCLKs between 
the trailing 
edge 
of HSYNC and the trailing 
edge of BLANK. 


VERTICAL FRONT PORCH (IR3[7:3)) - 
This field spec- 


ifies the number 
of scan line periods 
between 
the rising 
edges of BLANK and VSYNC during 
the vertical 
retrace 


interval. 
The vertical 
front 
porch 
is extended 
in incre- 


ments 
of scan lines if the ACLL input 
is low at the end 
of the programmed 
value. 


VERTICAL 
BACK PORCH (IR3[4:0)) 
- 
This field 
de- 


termines 
the number 
of scan line periods 
between 
the 


falling 
edges of the VSYNC and BLANK outputs. 


CHARACTER BLINK RATE (IR4[7)) - 
Specifies 
the fre- 


quency for the character 
blink attribute 
timing. 
The blink 
rate can be specified 
as 1/64 or 1/128 of the vertical 
field 
rate. The timing 
signal 
has a duty 
cycle of 50% and is 


multiplexed 
onto the DADD1/BlINK 
output 
at the falling 
edge of each BLANK. 


CHARACTER 
ROWS PER SCREEN (IR4[6:0)) 
- 
This 
field 
defines 
the 
number 
of character 
rows 
to be dis- 


played. The value multiplied 
by the scan lines per char- 
acte row, plus the vertical 
front 
porch, the vertical 
back 


porch 
values, 
and the vertical 
sync pulse width 
is the 


vertical 
scan period 
in scan lines. 


ACTIVE 
CHARACTERS 
PER ROW (IR5[7:0)) 
- 
This 
field 
determines 
the 
number 
of characters 
to be dis- 
played 
on each row of the CRT screen. The sum of this 


value, 
the 
horizontal 
front 
porch, 
the 
horizontal 
sync 


width, 
and the 
horizontl 
back 
porch 
is the 
horizontal 


scan period 
in CCLKs. 


FIRST AND 
LAST SCAN LINE OF CURSOR (IR6[7:41. 


IR6[3:0)) 
- 
These two field 
specify 
the height 
and po- 


sition 
of the cursor 
on the character 
block. The "first" 


line is the topmost 
line when 
scanning 
from 
the top to 
the bottom 
of the screen. 
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I. 
Character Row 
~I 
_____ 
(lR5) 
•••• 
•• 


HBLANK --.J 
I 
I 
~ 


---.j ~ 
Front Porch (IR11 
Back Porch IIR2)-.j ~ 


HSYNC 
Il 
rl 
_ 


--.j 
f.--HSYNC 
(lR21 


~Character 
Rows/Screen IIR41-----+i 


--.j 
j4-- Scan LinesPer Row (IROI 
I 


VBLANK ---J----...II 
-----L 


---..j j.-- Front Porch (IR31 
Back Porch (IR3)--+1 
j.- 


VSYNC __ 
•••••n.. 
..n 
_ 


--+l 
f.--- VSYNC (lR7) 


IRO I 
I I I I I I 


HSYNC 
HBACK 
Width 
Porch 


IRll 
I I I 


VFRONT 
VBACK 
Porch 
Porch 
VSYNC 
Width 
,.-... 


IR71 I I I I I 
'"---..-----.., 


IR31 I I I I I I I I 


VERTICAL 
SYNC PULSE WIDTH 
OR717:6]) - 
This field 
specifies the width 
of the VSYNC pulse in scan line periods. 


CURSOR 
BLINK 
ENABLE 
OR7[5]) 
- 
This bit controls 
whether 
or not the cursor output 
pin will be blinked at the 
selected rate (IR7[4J1. The blink duty cycle for the cursor is 
50%. 


CURSOR 
BLINK 
RATE OR7[4]) 
- 
The cursor 
blink rate 


can be specified at 1/32 or 1/64 of the vertical scan frequen- 
cy. Blink is effective 
only if blink is enabled by IR7[51. 


UNDERLINE POSITION UR7[3:0]) - 
This field defines which 
scan line of the character row will be used for the underline 
attribute 
by the attributes 
controller. 
The timing signal is mul- 


tiplexed 
onto the DADD10/UL output during the falling 
edge 
of BLANK. 


DISPLAY 
BUFFER FIRST ADDRESS 
OR913:0]), IR817:01 


AND 
DISPLAY 
BUFFER 
LAST 
ADDRESS 
(lR9[7:4]) 
- 


These two 
fields define the area within 
the buffer 
memory 


where 
the display 
data will 
reside. When 
the data at the 


"display 
buffer 
last address" 
is displayed, 
the AVDC 
will 


wraparound 
and obtain the data to be displayed at the next 
screen 
position 
from 
the "display 
buffer 
first address". 
If 


"last 
address" 
is the end of a character 
row 
and a new 
screen start address 
has been loaded into the screen start 
register, 
or if "last 
address" 
is the last character 
position 
of 
the screen, the next data is obtained 
from the address con- 


tained in the screen start register. 


Note 
that 
there 
is no restriction 
in displaying 
data from 
other areas of the addressable 
memory. 
Normally, 
the area 


between 
these two 
bounds 
is used for data which 
can be 
overwritten 
le.g., 
as a result of scrollingl, 
while data that is 
not 
to 
be overwritten 
would 
be contained 
outside 
these 
bounds and accessed by means of the automatic 
split screen 


or split screen interrupt 
features of the AVDC. 


DISPLAY 
POINTER ADDRESS 
LOWER OR1017:0] AND 
DISPLAY 
POINTER ADDRESS 
UPPER OR11[5:0]) 
- 
These 
two 
fields define a buffer 
memory 
address for AVDC 
con- 


trolled accesses In response to "read/write 
at pointer" 
com- 


mands. They also define the last buffer 
memory address to 
be written 
for the "write 
from cursor to pointer" 
command. 


SCAN LINE ZERO DURING SCROLL DOWN ORZ11[7]) - 
This field specifies normal scan line count or all scan line zero 
counts 
for the new character 
row that occurs at the top of 


the scrolling 
area during 
soft scroll down 
operation. 
If the 


character 
generator 
provides 
blanks during 
scan line zero, 


this will cause the new row to be automatically 
blanked on 
the display. This feature can be used, if necessary, to blank 
the new 
row 
until 
the CPU places "blank 
data" 
into 
the 
display buffer. 


SCAN LINE ZERO DURING SCROLL UP OR11[6]) - 
This 
field specifies normal scan line count or all scan line counts 
for the new character 
row that occurs at the bottom 
of the 


scrolling 
area during soft scroll up operation. 


SCROLL 
START 
OR1217]) - 
This bit is asserted 
when 


soft scroll is to take place. The scrolling 
area begins at the 


row specified 
in split register 
I (lR12[6:0]). 
If set, the first 
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row to scroll scan line count will be reduced by the value in 
the lines to scroll register IIR14[3:0]). 
The scan line count of 


this row will start at the programmed 
offset value. When this 
bit is asserted, 
scroll end IR13[7] must be set before 
split 


register 2. 


SPLIT REGISTER 1 (IR12[6:0]) 
- 
Split register 1 can be 
used to provide special screen effects such as soft (scan line 
by scan 
Iinel 
scrolling, 
double 
height/width 
rows, 
or to 
change 
the 
normal 
addressing 
sequence 
of 
the 
display 


memory. 
The contents 
of this field is compared, 
in real time, 
to the current 
row number. 
Upon a match, 
the AVDC sets 


the split screen 1 status bit, and issues an interrupt 
request if 
so 
programmed. 
The 
status 
change/interrupt 
request 
is 
made at the beginning of the scan line zero of the split screen 
character 
row. 
If enabled 
by the SPL1 bit of screen start 
register 2, an automatic 
split screen to the address specified 
in screen start 
register 
2 will 
be made for the designated 
character 
row. 
During 
a scroll operation, 
this field defines 
the first character 
row of the scrolling 
area. 


SCROLL END (IR13[7]) 
- 
This field specifies that the row 
programmed 
in split 
register 2 lIR13[6:011 is to be the last 
scrolling 
row of the scrolling area. Note that this bit must be 
asserted for a valid row only when the scroll start bit IR12[TI 
is also asserted. 


SPLIT REGISTER 2 (IR13[6:0]) 
- 
This field is similar to 
the split register 1 field except for the following: 


1. Split screen 2 status bit is set. 


2. During 
a scroll 
operation, 
this 
field 
defines 
the 
last 
character 
row 
of the scrolling 
area. This row will 
be 
followed 
by 
a partial 
row. 
The 
LTSR 
lIR141 value 


replaces the normal scan lines/ row value for the partial 
row, thus keeping the total scan lines/screen 
the same. 


3. If enabled by the SPL2 bit of screen start register 2, an 
automatic 
split to the address contained 
in screen start 


register 2 will occur in one of two ways: 
al If not scrolling 
an automatic 
split will occur for the 
next character 
row. 
bl If scrolling, 
the automatic 
split will occur 
after the 
partial row being scrolled onto or off the screen. 


4. The specified double width and height conditions 
(IR141 
are also asserted in two possible ways: 
al Automatic 
split will assert the programmed 
condition 
for the current 
row. 


bl During soft scroll operation 
the programmed 
condi- 
tions are asserted for the partial row scrolling onto or 
off the screen. 


DOUBLE 
1 (IR14[7:6)) 
- 
This field specifies 
the condi- 
tions (double width/height 
or normall 
of the row designated 


in split register 
1 IIR12[6:0]). 
When 
double 
height 
tops or 
bottoms 
has been specified, 
the AVDC 
will 
automatically 
toggle 
between 
tops and bottoms 
until another 
split 1 or 2 


occurs which changes the double height/width 
condition. 
If 
a double height top row is specified, 
the scan line count will 
start at zero and increment 
the scan line every other 
scan 


line 
If a double height 
bottom 
row is specified, 
the AVDC 
will start a one half the normal scan line total. If double width 
is specified, 
the AVDC will assert the DADD9/DW 
output 
at 
the falling edge of blank. This condition 
will also remain ac- 
tive until the next split 1 or 2. When 
IRO[7}= 1, the values 
written 
into bits 7 and 6 of screen start 1 upper will also be 
written 
into IR14[7:61 and the automatic 
toggling 
between 


tops and bottoms 
is disabled. 


DOUBLE 
2 (IR14[5:4]) 
- 
This field specifies 
the condi- 
tions Idouble width/height 
or normall 
of the row designated 


in split register 2 IIR13[6:0]). 
Not used with 
IRO(7)= 1. 


LINES TO SCROLL 
(IR14[3:0]) 
- 
This field defines 
the 
scan line increment 
to be used during a soft scroll operation. 
This value will only be used when scroll start lIR12[7]) 
and 
scroll end IIR13[7]) 
are enabled. 


TIMING 
CONSIDERATIONS 


Normally, 
the contents 
of the initialization 
registers are not 


changed 
during 
normal 
operation. 
However, 
this 
may be 
necessary 
to 
implement 
special 
display 
features 
such 
as 
multiple 
cursors and horizontal 
scrolling. 
T.able 2 describes 
timing details for these registers which should be considered 
when implementing 
these features. 


Parameter 
Timing 
Considerations 


First Line of Cursor 
These parameters 
must be established at a minimum 
of two character 
times prior to their 
Last Line of Cursor 
occurrence. 


Underline 
Line 


Double 
Height Character 
Rows 
Setl reset prior to the row specified 
in split 1 or 2 registers. 


Double Width 
Character 
Rows 


Rows to Scroll 


Cursor Blink 
New values become effective 
within 
one field after values are changed. 
Cursor Blink Rate 
Character 
Blink Rate 


Split Register 1 
Change anytime 
prior to line zero of desired row. 


Split Register 2 


Character 
Rows Per Screen 
Change only during vertical blanking period. 


Vertical 
Front Porch 
Change 
prior to first line of VFP. 


Vertical 
Back Porch 
Change prior to four line after VSYNC. 


Screen 
Start Register 1 
Change prior to the horizontal 
blanking interval of the last line of character 
row before row where 


Row Table Mode Enable 
new value is to be used 
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There are seven registers 
in this group, 
each with 
an in- 


dividual 
address. 
Their formats 
are illustrated 
in Figure 18. 


The command 
register is used to invoke one of 19 possible 
AVDC 
commands 
as described 
in COMMANDS. 
The re- 


maining 
registers 
in the group 
store address values which 


specify the cursor location, 
the location of the first character 


to be be displayed 
on the screen, and any split screen ad- 


dress 
locations. 
The 
user 
initializes 
these 
registers 
after 


powering 
on the system and changes their values to control 
the data which 
is displayed. 


SCREEN START 
REGISTERS 1 AND 2 


The screen start 1 registers contain 
the address of the first 
character 
of the first 
row 
(upper 
left corner 
of the active 


display), 
At the beginning 
of the first scan line of the first 


row, 
this 
address 
is transferred 
to 
the 
row 
start 
register 
(RSRI 
and into 
the memory 
address counter 
(MACI. 
The 


counter 
is then advanced sequentially 
at the character clock 


rate for the number 
of times 
programmed 
into 
the active 
characters 
per row register II R51, thus reaching the address 


of the last character of the row plus one. At the beginning 
of 
each subsequent 
scan 
line of 
the 
first 
row, 
the 
MAC 
is 


reloaded from the RSR and the above sequence is repeated. 
At the end of the last scan line of the first row, the contents 
of the MAC is loaded into the RSR to serve as the starting 
memory address for the second character 
row. This process 


is repeated for the programmed 
number of rows per screen. 


Thus, 
the data in the display memory 
is displayed 
sequen- 


tially starting 
from the address contained 
in the screen start 


register. After the ensuing vertical retrace interval, the entire 
process repeats again. 


During vertical blanking, 
the address counter 
operation 
is 


modified 
by stopping 
the automatic 
load of the contents 
of 


the RSR into the counter, 
thereby allowing 
the address out- 


puts to free-run. 
This allows dynamic memory refresh to oc- 


cur during 
the vertical 
retrace interval. 
The refresh address- 


ing starts at the last address displayed on the screen and in- 
crements 
by one for each character clock during the retrace 
interval. 
If the display 
buffer 
last address 
is encountered, 


refreshing 
continues 
from the display buffer 
first address. 


The sequential operation 
described above will be modified 
upon the occurrence 
of any of three events. 
First, if during 


the 
incrementing 
of 
the 
memory 
address 
counter 
the 


"display 
buffer last address" 
IIR9[7:411 is reached, the MAC 
will be loaded from the "display 
buffer first address" 
register 


.IIR9[3:0J and IR8[7:01l at the next character clock. 
Sequen- 
tial operation 
will 
then 
resume starting 
from 
this address. 


This wraparound 
operation 
allows 
portions 
of the display 


buffer to be used for purposes other than storage of display- 
able data 
and 
is completely 
automatic 
without 
any 
CPU 
intervention 
(see Figure 19a). 


The sequential row to row addressing can also be modified 


via split register 
1 (IR121 and split register 2 IIR131, under 
CPU control, 
or by enabling the row table addressing mode. 


If bit 6 of screen start 
register 2 upper 
IS PL1) is set, the 


screen start register 2 contents 
will be loaded automatically 


into the RSR at the beginning of th8 first scan line of the row 
designated 
by split register 1 IIR12[6:0Jl. 
If bit 7 of screen 


start 2 upper (S PL21 is set, the screen start register 2 con- 
tents is automatically 
loaded into the RSR at the end of the 


last 
scan 
line 
of 
the 
row 
designated 
by split 
register 
2 
IIR13!6:01l. 
SPL 1 and SPL2 are write only bits and will read 
as zero when reading screen start register 2. 


If the contents 
of screen start register 1 (upper, lower, or 
bothl are changed during any character 
row le.g., 
row'n'l, 


the starting 
address of the next character 
row Irow 'n+ 
1') 


will be the new value of the screen start register and address- 
ing will 
continue 
sequentially 
from 
there. 
This allows 
fea- 


tures such as split screen operation, 
partial scroll, or status 


line display to be implemented. 
The split screen interrupt 
fea- 


ture of the AVDC 
is useful in controlling 
the CPU initiated 
operations. 
Note that in order to obtain 
the correct 
screen 
display, 
screen start 
register 
1 must be reloaded with 
the 
original 
lorigin 
of displayl 
value prior to the end of the ver- 


tical retrace. See Figure 19b. 


4 


Command 
Code 


Upper 
Register 


DADD15 
DADD14 
Most Significant 
Bits 
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II 


4 
3 
Lower Register ILeast Significant Bit! 
H'OOO:J'=0 
H'OOOl'= 1 
Through 
H'3FFE'= 16,382 
H'3FFF'- 16,383 


NOTES: 


1. Bits 7 and 6 of upper register are not used in the cursor address register. 
2. Bits 7 and 6 of upper register are always zero when read by the CPU. 
3. When 
IROl7] = '. 
the values written 
into bits 7 and 6 of screen start 
1 upper will also be written 
into 
IR14[7:61to control the double width and double height attributes of the display as follows: 


2 
~ 
Attribute 


o 
0 
None 


o 
1 
Double Width Only 


1 
0 
Double Width and Double Height Tops 


1 
1 
Double Width and Double Height Bottoms 


Screen Start 1 Register IRead and Write) and 


Cursor Address Registers [Read and Writel 


Upper 
Register 
SPL2 
SPL1 


0= Off 
O~Off 


1=On 
1=On 
Most Significant 
Bits 


H'OOOO'~O 
H'OOO1'=1 


Through 
H'3FFE'= 16,382 
H'3FFF'- 16,383 


When row table addressing 
mode is enabled, the first ad- 


dress of the row table is designated 
in SSR2. The AVDC 
fetches the next row's starting address from the table during 
the blanking interval prior to the first scan line of each char- 
acter row and loads it into SSRl 
for use as the starting 
ad- 


dress of the next row. Since the contents 
of SSR2 changes 
as the table entries are fetched, 
it must be re-initialized 
to 
point to the first table entry during each vertical retrace inter- 
val. 


The values of the two most significant 
bits of SSRl 
upper 
are multiplexed 
onto 
the 
DADD1/DADD14 
and 
DADD21 


DADD15 
outputs 
during 
the 
falling 
edge 
of 
BLANK. 
If 


IRO(7)=0, 
these two 
bits act as memory 
page select bits 


which may be used to extend the display memory addressing 


range of the AVDC 
up to 64K. In that case, these two bits 
act as a two-bit 
counter which is incremented 
each time that 
"wraparound" 
occurs Isee abovel. 
Note that the counter 
is 


incremented 
at the falling edge of BLANK 
and that for pro- 
per display operation the wraparound 
address should be pro- 


grammed 
to occur at the last character 
position 
of a row. 


Also, the first address accessed in the new page will be the 
address contained 
in the display buffer 
first address register 
lIR9[3:0l 
and IR8[7:0ll. 


CURSOR ADDRESS 
REGISTERS 


The contents 
of these registers define the buffer 
memory 
address 
of the cursor. 
The cursor 
output 
will 
be asserted 
when the memory address counter 
matches the value of the 
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Memory 


(a) Display 
Memory 
Wraparound 


cursor address registers for the scan lines specified in IR6. 
The cursor address registers can be read or written 
by the 
CPU or incremented 
via the "increment 
cursor address" 


command. 
In independent 
buffer 
mode, 
these registers 


define a buffer memory address for AVDC controlled access 
in response to "read/write 
at cursor with/without 
incre- 


ment" 
commands, 
or 
the 
first 
address 
to 
be used 
in 
executing the "write 
from cursor to pointer" 
command. 


INTERRUPT/STATUS 
REGISTERS 


The interrupt 
and status registers provide information 
to 


the CPU to allow 
it to interact with 
the AVDC to effect 
desired changes that implement various display operations. 
The interrupt 
register provides information 
on five display 
operations. 
The interrupt 
register provides information 
on 
five possible interrupt 
conditions, 
as shown in Figure 20. 


These conditions 
can be selectively 
enabled or disabled 


(masked) from causing interrupts 
by certain AVDC com- 


mands. An interrupt condition which is enabled (masked bit 
equal to onel will cause the INTR output to be asserted and 
will cause the corresponding bit in the interrupt register to be 
set upon the occurrence of the interrupting 
condition. 
An 
interrupt condition which is disabled (mask bit equal to zerol 
has no effect 
on either the INTR output 
or the i{1terrupt 
register. 


The status register provides six bits of status information: 


the five possible interrupt conditions plus the RDFLG bit. For 
this register, however, the contents are not affected by the 
state of the mask bits. 


Descriptions of each interrupt/status 
register bit follow. 


Unless otherwise indicated, a bit, once set, will remain set 
until reset by the CPU by issuing a "reset interrupt/status 
bits" command. The bits are also reset by a "master 
reset" 


command and upon power-up. 
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Line 
RDFLG 
VBLANK 
Zero 
Split 1 
Ready 
Split 2 


Not Used 
0= Busy 
O=No 
O~ No 
O-No 
0- Busy 
0- No 


Always Read as 0 
1= Ready 
1=Yes 
1= Yes 
1= Yes 
1~ Ready 
1=Yes 


RDFLG 
lI/SR[S]) 
- 
This 
bit 
is present 
in the 
status 


register 
only. 
A zero indicates 
that 
the AVDC 
is currently 


executing 
the previously 
issued delayed command. 
A one 
indicates 
that the AVDC 
is ready to accept a new delayed 
command. 


VBLANK 
(I/SR[4]) 
- 
Indicates the beginning 
of a vertical 
blanking interval. Set to one at the beginning 
of the first scan 
line of the vertical front porch. 


LINE ZERO (I/SR[3]) 
- 
Set to one at the beginning 
of the 
first scan line Iline Ol of each active character 
row. 


SPLIT SCREEN 1 1I/SR[2]) 
- 
This bit is set when a match 
occurs 
between 
the current 
character 
row number and the 


value contained 
in split 
register 
1, IR12[6:0J. The equality 


condition 
is only checked 
at the beginning 
of line zero of 
each character 
row. 


READY 
(I/SR[1]) 
- 
The delayed commands 
affect 
the 
display 
and may require 
the AVDC 
to wait 
for a blanking 
interval before enacting 
the command. 
This bit is set to one 


when execution 
of a delayed command 
has been completed. 
No other delayed command 
should be invoked until the prior 
delayed command 
is completed. 


SPLIT SCREEN 2 lI/SR[O]) 
- 
This bit is set when a match 
occurs 
between 
the current 
character 
row number 
and the 


value contained 
in split register 2 IIR13[6:0lJ. 


The AVDC commands 
are divided into two classes: the in- 


stantaneous 
commands 
which 
are executed 
immediately 
after they are invoked, 
and the delayed 
commands 
which 
may need to wait for a blanking 
interval prior to their execu- 
tion. 
Command 
formats 
are shown 
in Table 3. The com- 
mands are asserted by performing 
a write 
operation 
to the 
command 
register 
with 
the appropriate 
bit pattern 
as the 
data byte. 


07 
06 
05 
04 
03 
02 
01 
DO 
Hex 
Command 


Instantaneous 
Commands 


0 
0 
0 
0 
0 
0 
0 
0 
Master Reset 
0 
0 
0 
1 
V 
V 
V 
V 
Load IR Pointer with Value V IV = 0 to 14) 
0 
0 
1 
d 
d 
d 
1 
0' 
Disable Graphics 
0 
0 
1 
d 
d 
d 
1 
l' 
Enable Graphics 
0 
0 
1 
d 
1 
N 
d 
0' 
Display Off - 
Float DADO Bus if N ~ 1 
0 
0 
1 
d 
1 
N 
d 
1* 
Display On - 
Next Field IN ~ 1) or Scan Line IN = 0) 


0 
0 
1 
1 
d 
d 
d 
0' 
Cursor Off 
0 
0 
1 
1 
d 
d 
d 
l' 
Cursor On 
0 
1 
0 
N 
N 
N 
N 
N 
Reset Interrupt/Status: 
bit Reset where N ~ 1 
1 
0 
0 
N 
N 
N 
N 
N 
Disable Interrupt: 
Disable where N ~ 1 
0 
1 
1 
N 
N 
N 
N 
N 
Enable Interrupt: 
Enables Interrupts 
where N = 1 


V 
L 
5 
R 
5 
Interrupt 
Bit 
B 
Z 
P 
0 
P 
Assignments 
1 
Y 
2 


Delayed Commands 


1 
0 
1 
0 
0 
1 
0 
0 
A4 
Read at Pointer Address 
1 
0 
1 
0 
0 
0 
1 
0 
A2 
Write at Pointer Address 
1 
0 
1 
0 
1 
0 
0 
1 
A9 
Increment Cursor Address 
1 
0 
1 
0 
1 
1 
0 
0 
AC 
Read at Cursor Address 
1 
0 
1 
0 
1 
0 
1 
0 
AA 
Write at Cursor Address 
1 
0 
1 
0 
1 
1 
0 
1 
AD 
Read at Cursor Address and Increment Address 
1 
0 
1 
0 
1 
0 
1 
1 
AB 
Write at Cursor Address and Increment Address 
1 
0 
1 
1 
1 
0 
1 
1 
BB 
Write from Cursor Address to Pointer Address 
1 
0 
1 
1 
1 
1 
0 
1 
BD 
Read from Cursor Address to Pointer Address 


NOTES: 
'Any 
combination 
of these three commands 
is valid, 


d = Don't care, 
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INSTANTANEOUS 
COMMANDS 


The instantaneous 
commands 
are executed 
immediately 
after the trailing 
edge of the write 
pulse during 
which 
the 
command 
is issued. These commands 
do not affect the state 


of the RDFLG or READY interrupt/status 
bits and can be in- 
voked at any time. 


MASTER 
RESET 


This command 
initializes the AVDC and can be invoked at 


any time to return the AVDC to its initial state. Upon power- 
up, two successive master reset commands 
must be applied 


to 
release 
the 
AVDC's 
internal 
power-on 
circuits. 
In 


transparent 
and shared buffer modes, the CTRLl 
input must 


be high when the command 
is issued. The command 
causes 


the following: 


1. VSYNC and HSYNC are driven low for the duration 
of 


the command 
and BLANK 
goes high. After 
command 
completion, 
HSYNC 
and VSYNC 
will begin operation 


and BLANK 
will remain high until a "display 
on" com- 


mand is received. 


2. The interrupt 
and status bits and masks are set to zero, 


except for the RDFLG flag which 
is set to a one. 


3. The row buffer 
mode, 
cursor-off, 
display-off, 
and line 


graphics 
disable states are set. 


4. The initialization 
register pointer 
is set to address IRO. 


5. IR2[71 is reset. 


LOAD IR ADDRESS 


This command 
is used to preset the initialization 
register 


pointer 
with 
the value 
"V" 
defined 
by D3-DO. Allowable 
values are 0 to 14. 


ENABLE GRAPHICS 


After 
invoking 
this command, 
the AVDC 
will 
increment 
the MAC to the next consecutive 
memory address ior each 
scan line even if more than one scan line per row is program- 
med. This mode can be used for bit-mapped 
graphics where 


each location 
in the display 
buffer 
within 
the defined 
area 
contains 
the bit pattern 
to be displayed. 
This command 
is 


row buffered 
and should 
be asserted 
during 
the character 
row 
prior 
to the row 
where 
this 
feature 
is required. 
This 


allows the user to enter and exit graphics mode on character 
row boundaries. 


To perform split screen operations 
while in graphics mode 


use SSR2 only. 


DADDO/LG 
is asserted during the trailing edge of BLANK 


for each scan line while this mode is active. 


DISABLE 
GRAPHICS 


Normal addressing 
resumes at the next row boundary. 


DISPLAY 
OFF 


Asserts the BLANK output. 
The DADDO through 
DADD13 


display address bus outputs 
can be optionally 
placed in the 


three-state 
condition 
by setting 
bit 2 to a one when invoking 


the command. 


DISPLAY 
ON 


Restores normal blanking operation either at the beginning 
of the next field (bit 2 = 11 or at the beginning 
of the next 
scan 
line 
(bit 
2=0). 
Also 
returns 
the 
DADDO-DADD13 


drivers to their active state. 


CURSOR OFF 


Disables cursor operation. 
Cursor output 
is placed in the 
low state. 


CURSOR ON 


Enables normal cursor operation. 


RESET INTERRUPT/STATUS 
BITS 


This command 
resets the designated 
bits in the interrupt 
and status registers. 
The bit positions 
correspond 
to the bit 
positions 
in the registers: 


Bit 0 - 
Split 2 


Bit 1 - 
Ready 


Bit 2 - 
Split 1 
Bit 3 - 
Line Zero 
Bit 4 - 
Vertical 
Blank 


DISABLE 
INTERRUPTS 


Sets the interrupt 
mask to zeros for the designated 
condi- 


tions, 
thus disabling 
these conditions 
from being set in the 
interrupt 
register and asserting the INTR output. 
Bit position 
correspondence 
is as above. 


ENABLE INTERRUPTS 


This command 
writes the associated 
interrupt 
mask bit to 
a one. This enables the corresponding 
conditions 
to be'set in 


the interrupt 
register and asserts the INTR output. 
Bit posi- 
tion correspondence 
is as above. 


DELAYED 
COMMANDS 


This group 
of commands 
is utilized 
for the independent 
buffer 
mode of operation, 
although 
the "increment 
cursor" 


command 
can also be used in other modes. With the excep- 
tion of the "write 
from 
cursor 
to pointer" 
and "increment 
cursor" 
commands, 
all the commands 
of this type will 
be 
executed immediately 
or will be delayed depending 
on when 


the command 
is invoked. 
If invoked during the active screen 


time, the command 
is executed at the next horizontal 
blank- 
ing interval. 
If invoked during a vertical 
retrace interval or a 
"display 
off" 
;:tate, the command 
is executed 
immediately. 


The "increment 
cursor" 
command 
is executed 
immedi- 


ately after it is issued and requires approximately 
three CCLK 


periods for completion. 
The "write 
from cursor to pointer" 
command 
executes during blanking intervals. The AVDC will 


execute 
as many writes 
as possible 
during 
each blanking 
interval. 
If the command 
is not completed 
during the current 
blanking 
interval, 
the command 
will be held in suspension 


during 
the next active portion 
of the screen and continues 


during 
the 
next 
blanking 
interval 
until 
the 
command 
is 
completed. 


I 
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PIN ASSIGNMENT 


Ii 
40 
vcc 
a 
39 
A2 


W 
38 
Al 


CTRLl 
37 
AD 


36 
ACLL 


CTRL3 
35 
INTR 


CURSOR 
34 
DADDD/LG 


DO 
33 
DADD1/ 
DADD14 


Dl 
32 
DADD2/ 
DADD15 


D2 
31 
DADD3/LR 


D3 
30 
DADD4/LAD 


D4 
29 
DADD5/LAl 


D5 
28 
DADD6/LA2 
• 


D6 
27 
DADD7/LA3 


D7 
26 
DADD8/FL 


CCLK 
25 
DADD9/DW 


BLANK 
24 
DADD1D/UL 


VSYNC/ 
23 
DADDll/ 


CSYNC 
BLINK 


HSYNC 
22 
DADD12/ 
ODD 
GND 
20 
21 
DADD13/LL 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


8-Bit Microprocessing Unit (MPU) 


The MC6800 
is a monolithic 
8-bit 
microprocessor 
forming 
the central 
control 
function 
for 
Motorola's 
M6800 
Family. 
Compatible 
with 
TIL, 
the 
MC6800, 
as with 
all M6800 
system 
parts, 
requires 
only 
one 


+ 5.0-voJt 
power 
supply 
and 
no external 
TIL 
devices 
for bus interface. 
The MC6800 
is capable 
of addressing 
64K bytes 
of memory 
with 
its 16-bit 
address 
lines. 
The 8-bit 
data 
bus is bidirectional 
as well 
as three-state, 
making 
direct 
memory 
addressing 
and multiprocessing 
applica- 
tions 
realizable. 


• 
8-Bit 
Parallel 
Processing 


• 
Bidirectional 
Data Bus 


• 
16-Bit 
Address 
Bus - 
64K Bytes of Addressing 


• 
72 Instructions 
- 
Variable 
Length 


• 
Seven 
Addressing 
Modes 
- 
Direct, 
Relative, 
Immediate, 
Indexed, 
Extended, 
Implied, 
and 
Accumulator 


• 
Variable 
Length 
Stack 


• 
Vectored 
Restart 


• 
Maskable 
Interrupt 
Vector 


• 
Separate 
Nonmaskable 
Interrupt 
- 
Internal 
Registers 
Saved 
in Stack 


• 
Six Internal 
Registers 
- 
Two 
Accumulators, 
Index 
Register, 
Program 
Counter, 
Stack 
Pointer 
and 
Condition 
Code 
Register 


• 
Direct 
Memory 
Addressing 
(DMA) 
and 
Multiple 
Processor 
Capability 


• 
Simplified 
Clocking 
Characteristics 


• 
Clock 
Rates as High 
as 2.0 MHz 


• 
Simple 
Bus Interface 
without 
TIL 


• 
Halt and Single 
Instruction 
Execution 
Capability 
I 
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I 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3to 
+7.0 
V 


Input Voltage 
Vin 
-0.3 
to + 7.0 
V 


Operating Temperature 
Range 
TA 
TL to TH 
"C 


MC6800, MC68AOO, MC68BOO, 
-0 
to 70 


MC6800C, MC68AOOC 
-40 
to +85 


Storage Temperature 
Range 
Tsta 
-55 
to + 150 
'C 


Rating 
Symbol 
Value 
Unit 


Plastic Package 
6JA 
100 
·CIW 
Cerdip Package 
60 


The average 
chip-junction 
temperature, 
TJ, in °C can be obtained 
from: 


TJ=TA 
+ (PO '8JA) 


where: 


TA 
8JA 


= Ambient 
Temperature, 
°C 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient,OCIW 


Po 
= PINT+PPORT 
PINT 
= ICC x VCC, Watts 
- 
Chip 
Internal 
Power 
PPORT 
= Port Power 
Oissipation, 
Watts 
- 
User 
Oetermined 
For most applications 
PPORT<PINT 
and can be neglected. 
PPORT may become 
significant 
if the device 
is configured 
to drive 
Oarlington 
bases 
or sink 
LEO loads. 


An approximate 
relationship 
between 
Po and TJ (if PPORT is neglected) 
is: 


Po = K+ (TJ + 273°C) 


Solving 
equations 
(1) and (2) for 
K gives: 


K = PO'(T A + 273°C) + 8JA'P02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. 
K can be determined 
from 
equation 
13) by measuring 
Po (at 


equilibrium) 
for a known 
TA 
Using 
this 
value 
of K, the values 
of Po and TJ can be obtained 
by solving 
equations 


(1) and 
(2) iteratively 
for any value 
of TA 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
Logic 
VIH 
vss+ 
2.0 
- 
vcc 
v 
.pI, .p2 
VIHC 
VCC-0.6 
- 
VCC+0.3 


Input Low Voltage 
Logic 
VIL 
VSS -0.3 
- 
VSS + 0.8 
V 
.pI, .p2 
VILC 
Vss -03 
- 
VSS+O.4 


Input Leakage Current 
1Vin=Ot05.25V, 
Vcc=Maxl 
Logic 
lin 
- 
1.0 
2.5 
~A 
1Vin=0 to 5.25 V, VCC=O V to 5.25 VI 
.pl, .p2 
- 
- 
100 


Hi-Z Input Leakage Current 
00-07 


IIZ 
- 
2.0 
10 
~A 
1Vin=0.4t02.4V, 
Vcc=Maxl 
AO-AI5, R/W 
- 
- 
100 


Output High Voltage 


IILoad= -'M>~A, 
Vcc=Minl 
00-07 
VOH 
VSS+2.4 
- 
- 
V 
IILoad= -l45~A, 
VCC= Mini 
Ao-AI5, Riw, VMA 
VSS + 2.4 
- 
- 
IILoad= -l00~A, 
VCC= Mini 
8A 
VSS + 2.4 
- 
- 


Output Low Voltage IILoad- 1.6 mA, VCC- Mini 
VOL 
- 
- 
VSS+O.4 
V 


Internal 
Power 
Dissipation 
(Measured 
at T A = TL) 
PINT 
- 
05 
1.0 
W 


Capacitance 
1Vin=0, TA= 25°C, f= 1.0 MHzl 
.pI 
- 
25 
35 


.p2 
Cin 
- 
45 
70 
pF 


00-07 
- 
10 
125 


Logic Inputs 
- 
6.5 
10 
Ao-A15, R/W, VMA 
Cnut 
- 
- 
12 
pF 
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ChllfllCten.uc 
Symbol 
Min 
Typ 
M •• 
Unit 


Frequency 
01 Operation 
MC6lm 
0.1 
1.0 


MC68Aoo 
I 
0.1 
- 
1.5 
MHz 


MC68Boo 
0.1 
- 
2.0 


Cycle Time (Figure 
1) 
MC6lm 
1.000 
10 


MC68Aoo 
Icyc 
0.666 
- 
10 
,.,. 


MC68Boo 
0.500 
- 
10 


Clock Pulse Width 
.1,.2 
- 
MC6lm 
400 
9500 


(Measured 
at VCC -0.6 
VI 
.1 •• 2 - 
MC68Aoo 
PW.H 
23J 
- 
9500 
ns 


.1,.2 
- 
MC68Boo 
18:> 
- 
9500 


Total.l 
and.2 
Up Time 
MC6lm 
90J 


MC68Aoo 
tut 
600 
- 
- 
ns 


MC68Boo 
440 
- 
- 


Rise and Fall Time 
(Measured 
between 
VSS+O.4 
and VCC-0.6) 
tr.tl 
100 
ns 


Delay 
Time 
or Clock 
Separation 
(Figure 
1) 


IMeasured 
at VOV=VSS+0.6 
V@tr=tl"lOOnsl 
td 
0 
- 
9100 
ns 


IMeasured 
at VOV=VSS+ 
1.0 V@tr=tl,,35 
nsl 
0 
- 
9100 


NOTES: 
1. Voltage levels shown are VL~O.4. 
VH~2.4 
V. unless otherwise 
specified. 


2. Measurement 
POints shown 
are 0.8 V and 2.0 V. unless 
otherwise 
noted. 


MC6lm 
MC68AOO 
MClIIBOO 
Unit 
Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
M •• 


Address 
Delay 
C=8O 
pF 
tAD 
- 
- 
270 
- 
- 
18:> 
- 
- 
150 
ns 


C = 30 pF 
- 
- 
250 
- 
- 
165 
- 
- 
135 


Peripheral 
Read Access 
Time 
tace 
530 
- 
- 
- - 
250 
- 
- 
ns 
tacc~ 
tut - ItAD+ 
tDSRi 
360 


Data 
Setup 
Time 
IReadl 
tDSR 
100 
- 
- 
60 
- 
- 
40 
- 
- 
ns 


Input 
Data 
Hold 
Time 
tH 
10 
- 
- 
10 
- 
- 
10 
- 
- 
ns 


Output 
Data 
Hold 
Time 
tH 
10 
25 
- 
10 
25 
- 
10 
25 
- 
ns 


Address 
Hold 
Time 
IAddress, 
R/W, 
VMAI 
tAH 
30 
50 
- 
30 
50 
- 
3J 
50 
- 
ns 


Enable 
High 
Time 
for DBE Input 
tEH 
450 
- 
- 
280 
- 
- 
220 
- 
- 
ns 


Data Delay 
Time 
(Writel 
to OW 
- 
- 
225 
- 
- 
200 
- 
- 
160 
ns 


Processor 
Controls 


Processor 
Control 
Setup 
Time 
tpcs 
200 
- 
- 
140 
- 
- 
110 
- 
- 
Processor 
Control 
Rise and Fall Time 
tPCr. 
tpCI 
- 
- 
100 
- 
- 
100 
- 
- 
100 


Bus Available 
Delay 
tBA 
- 
- 
250 
- 
- 
165 
- 
- 
135 
Hi-Z Enable 
tTSE 
0 
- 
40 
0 
- 
40 
0 
- 
40 
ns 


Hi-Z Delay 
tTSD 
- 
- 
270 
- 
- 
270 
- 
- 
220 
Data 
Bus Enable 
Down 
Time 
During 
4',01Up Time 
tDBE 
150 
- 
- 
120 
- 
- 
75 
- 
- 


Data 
Bus Enable 
Rise and Fall Times 
tDBEr. 
tDBEf 
- 
- 
25 
- 
- 
25 
- 
- 
25 


• 
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• 


Date 
From 
Memory 
or Peripheral. 


NOTES: 


1. Voltage levels shown are VlSO.4. 
VH"2.4 
V. unless otherwise specified. 


2. Measurement points shown are 0.8 V and 2.0 V. unless otherwise noted. 
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FIGURE 
4 - 
TYPICAL 
DATA 
BUS 
OUTPUT 
DELAY 
__ 
CAPACITIVE 
LOADING 
(TDDWI 


600 


500 


] 
400 
~ 
>= 
300 
>- 
~ 200 
0 


100 


IOH =-20S,.A 
mu. 
2.4 V 
IOL = 1.6mA 
mox.O.4 
V 
VCC=S.OV 
TA = 2S·C 
- 
- 
I--' 
- 
-- 


Cl includes 
stray capacitance 


FIGURE 
6 - 
TYPICAL 
READ/WRITE, 
VMA, 
AND 
ADDRESS 


OUTPUT 
DELAY 
__ 
CAPACITIVE 
LOADING 
(TAD) 


600 


500 


] 
400 
w 
:E 
>= 
300 
>- 
~ 
0 
200 


100 


IOH =-14S,.A 
maxI' 
2.4 V 
IOL = 1.6 mA maxI' 
0.4 V 
VCC' 
5.0 V 
TA=2S·C 


VMA 
-- 


I 


Add_RIW_ 
- 
L,...- ~ - 
- 


L,...- 


--- 


Cl includts 
stray caplCitJnct 


• 


200 
300 
400 


CL. LOAO CAPACITANCE 
(pF) 


200 
300 
400 


CL. LOAO CAPACITANCE 
IpFI 


TEST 
CONDITIONS 


The 
dynamic 
test 
load 
for 
the 
Data 
BUI i. 
130 
pF 
and 
one 
standard 
TTL 
load as shown. 


The Address. A.tW,and VMA outputs ar. tasted 


under 
two 
conditions 
to allow 
optimum 
opera. 


tion 
in both 
buffered 
and unbuffered 
Iystems. 
The 
resistor 
(R) 
is chosen 
to 
insure 
specified 
load 
currents 
during 
VOH 
measurement. 


Notice that the Data Bu. line•• the Addr••• 
lines. 
the Interrupt 
Reque.t line, and the OBe 


Iina 
are 
all 
specified 
and 
tested 
to 
guarant •• 
0.4 
V 
of 
dynamic 
noise 
immunity 
at 
both 


"'" 
and "0" 
logic 
levels. 
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c = 130 pF for 
00-07, 
E 


:: 90 pF for AO-A 
15. RM, and VMA 


(Except tA02) 


:: 30 pF for AO-A15. 
R/W. 
and VMA 


(tA02 
only) 


:: 30 pF for SA 


R c 
11.7 kn 
for 
00-07 


'" 16.5 kn for AO-A15. 
RJW. and VMA 


= 24 kn 
for SA 


• 


Clock•• ' 
Clock•• 2 


IlE"SrT 


Non-Makable 
Interrupt 


HALT 


Interrupt Request 


Th••• State Control 


Deta Bus Enable 


Bus Available 


Valid Memory Address 


Read/Write. R/W 


VCC-Pin8 
Vss-Pins 
'. 21 
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Proper operation 
of the M PU requires that certain control 
and timing 
signals be provided 
to accomplish 
specific func- 


tions and that other signal lines be monitored 
to determine 
the state of the processor. 


Clocks Phue 
One and Phue 
Two 
(<</11, 
«/121- 
Two pins 
are used for a two-phase 
non-overlapping 
clock that runs at 
the V CC voltage 
level. 


Figure 1 shows the microprocessor 
clocks. The high level 


is specified 
at VIHC and the low level is specified 
at VILC· 


The allowable 
clock frequency 
is specified 
by f (frequency I. 


The minimum 
«/I1 and «/12high level pulse widths are specified 
by PW«/IH (pulse width high timel. To guarantee the required 
access time for the peripherals, 
the clock 
up time, 
tut, 
is 


specified. 
Clock separation, 
td, is measured at a maximum 


voltage of VOV (overlap voltagel. 
This allows for a multitude 
of clock variations 
at the system frequency 
rate. 


Address Bus (AG-A 151 - 
Sixteen pins are used for the ad- 


dress bus. The outputs 
are three-state 
bus drivers capable of 
driving one standard TTL load and 90 pF. When the output 
is 
turned 
off, 
it is essentially an open circuit. 
This permits the 
MPU to be used in DMA applications. 
Putting TSC in its high 
state forces the Address bus to go into the three-state 
mode. 


Data Bus (OG-D7) - 
Eight pins are used for the data bus. 


It is bidirectional, 
transferring 
data to and from the memory 


and peripheral devices. It also has three-state 
output 
buffers 
capable of driving one standard 
TTL load and 130 pF. Data 
Bus is placed in the three-state 
mode when 
DBE is low. 


Data Bus Enable (DBE) - 
This level sensitive input is the 
three-state 
control 
signal 
for the 
MPU 
data bus and will 
enable the bus drivers when in the high state. This input is 
TTL compatible; 
however 
in normal operation, 
it would 
be 
driven by the phase two clock. 
During an MPU read cycle, 
the data bus drivers will be disabled 
internally. 
When 
it is 


desired that another device control 
the data bus, such as in 
Direct Memory 
Access lDMAI 
applications, 
DBE should be 
held low. 


If additional 
data setup or hold time is required on an MPU 
write, 
the DBE down 
time can be decreased, 
as shown 
in 
Figure 3 lDBE~«/I2l. 
The minimum 
down 
time for DBE is 
tDBE as shown. 
By skewing 
DBE with 
respect to E, data 


setup or hold time can be increased. 


Bus Available 
(BA) 
- 
The Bus Available 
signal will nor- 


mally be in the low state; when 
activated, 
it will go to the 
high state indicating 
that 
the microprocessor 
has stopped 
and that the address bus is available. 
This will occur if the 


HALT line is in the low state or the processor is in the WAIT 
state as a result of the execution 
of a WAIT 
instruction. 
At 


such time, 
all three-state 
output 
drivers will go to their off 


state and other outputs 
to their normally 
inactive level. The 


processor is removed from the WAIT state by the occurrence 
of a maskable (mask bit 1=0) or nonmaskable 
interrupt. 
This 
output 
is capable 
of 
driving 
one 
standard 
TTL 
load and 
30 pF. If TSC is in the high state, Bus Available will be low. 


Read/Write 
(R/W) 
- 
This TTL compatible 
output 
signals 
the peripherals and memory devices wether the MPU is in a 


Read (high) or Write (low) state. The normal standby state of 
this signal is Read (high). Three-State 
Control going high will 
turn 
Read/Write 
to the off 
(high 
impedance) 
state. 
Also, 
when the processor is halted, it will be in the off state. This 
output 
is capable 
of 
driving 
one standard 
TTL 
load and 
90 pF. 


'RESET - 
The RESET input is used to reset and start the 
MPU from a power down 
condition 
resulting 
from a power 
failure or initial start-up 
of the processor. 
This level senSitive 
input can also be used to reinitialize the machine at any time 
after start-up. 


If a high level is detected 
in this input, 
this will signal the 
MPU 
to 
begin 
the 
reset sequence. 
During 
the 
reset se- 


quence, 
the contents 
of the last two locations 
(FFFE, FFFF) 
in memory will be loaded into the Program Counter to point 
to 
the 
beginning 
of 
the 
reset 
routine. 
During 
the 
reset 
routine, 
the interrupt 
mask bit is set and must 
be cleared 
under program control 
before the MPU can be interrupted 
by 
IRQ. While 
RESET is low (assuming 
a minimum 
of 8 clock 


cycles have occurred) 
the M PU output 
signals will be in the 


following 
states: VMA=low, 
BA= 
low, Data Bus=high 
im- 
pedance, 
R/IN = high (read state), and the Address 
Bus will 
contain 
the reset address FFFE. Figure 8 illustrates 
a power 
up sequence using the RESET control 
line. After the power 
supply reaches 4.75 V, a minimum 
of eight clock cycles are 
required 
for 
the 
processor 
to 
stabilize 
in preparation 
for 
restarting. 
During these eight cycles, VMA will be in an in- 
determinate 
state so any devices that are enabled by VMA 
which 
could 
accept a false write 
during 
this time (such as 
battery-backed 
RAM) must be disabled until VMA 
is forced 
low after eight cycles. 
RESET can go high asynchronously 
with the system clock any time after the eighth 
cycle. 


RESET timing 
is shown 
in Figure 8. The maximum 
rise and 
fall transition 
times are specified 
by tPCr and tPCf. If ~ 
is high at tpcs 
(processor control 
setup time), 
as shown 
in 
Figure 8, in any given cycle then the restart 
sequence 
will 


begin on the next cycle as shown. 
The RESET control 
line 
may also be used to reinitialize the M PU system at any time 
during its operation. 
This is accomplished 
by pulsing RESET 
low 
for the duration 
of a minimum 
of three 
complete 
«/12 


cycles. 
The RESET pulse can be completely 
asynchronous 
with the MPU system clock and will be recognized 
during «/12 


if setup time tpcs 
is met. 


Interrupt 
Requ8llt 
(IRQ) 
- 
This level sensitive 
input 
re- 


quests that an interrupt 
sequence 
be generated 
within 
the 
machine. 
The processor will wait until it completes 
the cur- 


rent instruction 
that is being executed 
before 
it recognizes 
the request. At that time, if the interrupt 
mask bit in the Con- 


dition Code Register is not set, the machine will begin an in- 
terrupt sequence. The Index Register, Program Counter, 
Ac- 
cumulators, 
and Condition 
Code Register are stored away on 


the stack. 
Next, the MPU will respond 
to the interrupt 
re- 


quest by setting the interrupt 
mask bit high so that no further 
interrupts 
may occur. 
At the end of the cycle, 
a 1&-bit ad- 
dress will be loaded that points to a vectoring 
address which 


is located 
in memory 
locations 
FFF8 and FFF9. An address 
loaded at these locations causes the MPU to branch to an in- 
terrupt 
routine 
in memory. 
Interrupt 
timing 
is shown 
in 
Figure 9. 
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::Do 
> 
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0 
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_ 
_ 


Supply 
~4.75 
V 
--1 
tpcs 
......J 
tpcs 


RESET 
/i~ 
::1'1 
1 
If 
If 
. 
------ 
--i 
tPCr 
r-- tPCf 
:~:,o..", 
"_"_\\TT,,TTSS-\\ \-SS-\\-\ \-\\-\ \-\\-\\-\\\ ••.•.•\\f~~\ 
.•..• 
\\.•..• 
\\TT\\TTSSTT\ 
\-\\\-\\~\\ .•..•\\.•..•\\TT\\TT\\TT\\TT\\-\\\-\\-\\-SS-SS-\\-\\-\\\~ 
::~~~;:=~~~~\~~~~~~~':\;':\~=- 
FFFE ~fmE 
mE I mE 
mF 
Now 
PC 


Dote BU.l;\\"\\\\\\\\\\\\\\\\\\\\\S'IJ.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\~ 


BA 
""\\\\\\\\\\\\\\\\\\\\\\\.~\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 


#9 
I 
#10 
I 
#11 
I 
#12 
I 
#13 
I 
#14 
I 
#15 


IRQ 
or 
NMi 


Interrupt 
Mask 


The FiA['t line must be in the high state for interrupts 
to 
be serviced. 
Interrupts 
will be latched internally while RArT 
is low. 
The IRQ has a high-impedance 
pullup 
device internal 
to 
the chip; however, 
a 3 k{) external resistor to VCC should be 
used for wire-OR 
and optimum 
control 
of interrupts. 


Non-M88kable 
Interrupt 
(NMIl 
and 
Wait 
for 
Interrupt 
(WAil 
- 
The MCeeoo is capable of handling two types of in- 


terrupts: 
maskable 
(IRQ) 
as described 
earlier, 
and 
non- 
maskable 
(NMIl 
which 
is an edge sensitive 
input. 
IRQ is 
maskable by the interrupt 
mask in the condition 
code register 
while NMI is not maskable. The handling of these interrupts 
by the M PU is the same except that each has its own vector 
address. 
The 
behavior 
of 
the 
MPU 
when 
interrupted 
is 
shown in Figure 9 which details the MPU response to an in- 
terrupt while the MPU is executing 
the control program. The 
interrupt 
shown could be either rnn or IiIm and can be asyn- 
chronous 
with 
respect to <1>2. The interrupt 
is shown 
going 
low at time tpcs 
in cycle 11 which precedes the first cycle of 
an instruction 
(OP code fetchl. 
This instruction 
is not ex- 


ecuted 
but 
instead 
the 
Program 
Counter 
(PC), 
Index 
Register 
(IX), 
Accumulators 
(ACCX), 
and 
the 
Condition 
Code Register (CCR) are pushed onto the stack. 


The Interrupt 
Mask bit is set to prevent further 
interrupts. 


The address of the interrupt 
service routine is then fetched 
from FFFC, FFFD for an NMI interrupt 
and from FFFB, FFF9 
for an IRQ interrupt. 
Upon completion 
of the interrupt 
ser- 


vice routine, the execution of RTI will pull the PC, IX, ACCX, 
and CCR off the stack; the Interrupt 
Mask bit is restored to 
its condition 
prior to Interrupts 
(see Figure 10l. 


Figure 
11 is a similar interrupt 
sequence, 
except 
in this 
case, a WAIT 
instruction 
has been executed 
in preparation 
for 
the 
interrupt. 
This 
technique 
speeds 
up 
the 
MPU's 
response to the interrupt 
because the stacking of the PC, IX, 
ACCX, 
and the 
CCR is already 
done. 
While 
the 
MPU 
is 
waiting 
for 
the 
interrupt, 
Bus Available 
will 
go 
high 
in- 
dicating the following 
states of the control lines: VMA is low, 


and the Address 
Bus, R/W and Data Bus are all in the high 
impedance state. After the interrupt 
occurs. 
it is serviced as 
previously 
described. 


A 3-10 kg external resistor to VCC should be used for wire- 


OR and optimum 
control 
of interrupts. 


Vector 
Deocription 
MS 
LS 


FFFE 
FFFF 
Reset 


FFFC 
FFFD 
Non-Maskable 
Interrupt 


FFFA 
FFFB 
Software 
Interrupt 


FFFB 
FFF9 
Interrupt 
Request 


Three-State 
Control 
(TSCI 
- 
When 
the level sensitive 
Three-State 
Control 
tTSC) 
line is a logic "1", 
the Address 
Bus and the R/W 
line are placed in a high-impedance 
state. 


VMA 
and BA are forced 
low when 
TSC="1" 
to prevent 
false reads or writes 
on any device enabled 
by VMA. 
It is 
necessary 
to 
delay 
program 
execution 
while 
TSC 
is held 
high. This is done by insuring that no transitions 
of.1 
(or .2) 
occur during this period. (Logic levels of the clocks are irrele- 
vent so long as they do not changel. 
Since the MPU is a 
dynamic device, the <1>1clock can be stopped for a maximum 


time PW<I>Hwithout 
destroying 
data within 
the MPU. 
TSC 
then can be used in a short 
Direct Memory 
Access (DMA) 
application. 


Figure 12 shows the effect of TSC on the MPU. TSC must 
have its transitions 
at tTSE (three-state 
enable) while hOldiflll. 


.1 
high and <1>2low as shown. 
The Address 
Bus and R/W 
line will reach the high-impedance 
state at tTSD (three-state 
delay), 
with 
VMA 
being forced 
low. 
In this example, 
the 
Data Bus is also in the high-impedance 
state while <1>2is be- 


ing held low since DBE=<I>2. At this point 
in time. a DMA 
transfer 
could 
occur 
on cycles 13 and 14. When 
TSC is 
returned low, the MPU Address and RtWlines 
return to the 
bus. Because it is too late in cycle 15 to access memory. 
this 
cycle is dead and used for synchronization. 
Program execu- 
tion resumes in cycle 16. 


Valid Memory 
Add,.. 
(VMA) 
- 
This output 
indicates to 
peripheral devices that there is a valid address on the address 
bus. In normal operation, 
this signal should 
be utilized 
for 
enabling 
peripheral 
interfaces 
such as the 
PIA and ACIA. 


This signal is not three-state. 
One standard 
TIL 
load and 
90 pF may be directly 
driven by this active high signal. 


HALT - 
When this level sensitive input is in the low state, 
all activity 
in the machine 
will be halted. 
This input is level 
sensitive. 
The HALT 
line provides an input to the MPU to allow con- 
trol of program 
execution 
by an outside 
source. 
If HALT 
is 
high, the MPU will execute the instructions; 
if it is low, the 
MPU will go to a halted or idle mode. A response signal, Bus 
Available 
(BA) 
provides 
an indication 
of the current 
MPU 
status. 
When 
BA is low, the MPU is in the process of ex- 
ecuting 
the control 
program; 
if BA is high, 
the MPU 
has 
halted and all internal activity 
has stopped. 


When 
BA is high, the Address 
Bus, Data Bus, and R/W 
line will be in a high-impedance 
state, effectively 
removing 
the MPU from the system bus. VMA is forced low so that the 
floating 
system bus will not activate 
any device on the bus 
that is enabled by VMA. 
While the MPU is halted, all program 
activity 
is stopped, 
and if either an NMi or IRQ interrupt 
occurs, it will be latched 
into the MPU and acted on as soon as the MPU is taken out 
of the halted mode. 
If a RESET command 
occurs while the 
MPU 
is halted, 
the 
follOWing 
states 
occur: 
VMA=low, 
BA= low, 
Data 
Bus= high 
impedance, 
RtW= 
high 
(read 
state), 
and the Address 
Bus will contain 
address 
FFFE as 
long as Jrrm is low. As soon as the mtT 
line goes high. 
the M PU will go to locations 
FFFE and FFFF for the address 
of the reset routine. 


Figure 13 shows 
the timing 
relationships 
involved 
when 
halting the MPU. The instruction 
illustrated 
is a one byte, 2 
cycle instruction 
such as CLRA. When HALT goes low, the 
MPU will halt alter completing 
execution 
of the current 
in- 
struction. 
The transition 
of HALT 
must occur tpcs 
before 
the trailing 
edge of .1 
of the last cycle of an instruction 
(point A of Figure 13l. HALT must not go low any time later 
than the minmum 
tpcs 
specified. 
The fetch of the OP code by the M PU is the first cycle of 
the instruction. 
If HALT 
had not been low at Point 
A but 
went 
low 
during 
.2 
of that 
cycle, 
the 
MPU 
would 
have 
halted alter completion 
of the follOWing instruction. 
BA will 
go high by time tBA (bus available delay time) alter the last 
instruction 
cycle. At this point in time. VMA is low and R/W, 
Address 
Bus, and the Data Bus are in the high-impedance 
state. 


• 
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To debug 
programs 
it is advantageous 
to step through 


programs 
instruction 
by instruction. 
To do this, HALT must 
be brought 
high for one MPU cycle and then returned low as 
shown 
at point 
B of 
Figure 
13. Again, 
the transitions 
of 
RA[T must occur tpes 
before the trailing 
edge of "'1. BA 
will go low at tBA after the leading edge of the next'" 1, in- 
dicating 
that 
the Address 
Bus, Data Bus, VMA 
and R/Vii 


lines are back on the bus. A single byte, 2 cycle instruction 
such as LSR is used for this example also. During the first cy- 
cle, the instruction 
Y is fetched 
from 
qddress 
M + 1. BA 
returns 
high at tBA on the last cycle of the instruction 
in- 
dicating 
the MPU is off the bus. If instruction 
Y had been 


three cycles, the width 
of the BA low time would 
have been 


increased by one cycle. 


Notes: 


,. 
Reset 
is recognized 
at any position 
in the flowchart. 


2. 
Instructtonswhk:h affect the 1·8it act upon a one-bit buffer register. 


·'ITMP.'· 
This has the effect 
of delaying 
any CLEARING 
of the I-Bit 
one 


clock 
time. 
Setting 
the I-Bit, 
however, 
is not delayed. 


3. 
See Tables 6-11 for details of Instruction 
Execution. 
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I 
n+l 
I 
n+2 
I 
n+3 
I 
n+4 
I 
n+5 
I 


• 


Lest Cycle 
of Current 
Instruction 


~ 
\ 
{/ 
~----rl----/ 


F etch 
Execute 
'<--->- 
<Addr 
M + 1X 
>- 


The 
MPU 
has 
three 
16-bit 
registers 
and 
three 
8-bit 
registers available for use by the programmer 
(Figure 141. 


Program 
Counter 
- 
The program 
counter 
is a two 
byte 
(16 bits) register that points to the current program address. 


Stack 
Pointer 
- 
The stack ponter 
is a two 
byte register 
that contains 
the address of the next available location 
in an 
external 
push-down/pop-up 
stack. This stack is normally 
a 
random access Read/Write 
memory that may have any loca- 
tion (address) that is convenient. 
In those applications 
that 
require 
storage 
of information 
in the stack when 
power 
is 
lost, the stack must be nonvolatile. 


Index Register 
- 
The index register is a two byte register 
that is used to store data or a sixteen bit memory address for 
the Indexed mode of memory addressing. 


Accumul8tOf1l 
- 
The 
MPU 
contains 
two 
8-bit 
ac- 
cumulators 
that are used to hold operands and results from 
an arithmetic 
logic unit (ALUI. 


Condition 
Code Register 
- 
The condition 
code register in- 
dicates 
the results 
of an Arithmetic 
Logic 
Unit operation: 


Negative 
(N), Zero (Z), Overflow 
(V), Carry from bit 7 (C), 
and half carry from 
bit 3 (HI. These bits of the Condition 
Code Register are used as testable conditions 
for the condi- 
tional branch instructions. 
Bit 4 is the interrupt 
mask bit (I). 
The unused bits of the Condition 
Code Register (b6 and b71 
are ones. 


Negative 


Interrupt 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-72 


The 
MC69JO instructions 
are described 
in detail 
in the 
M69JO Programming 
Manual. 
This 
Section 
will 
provide 
a 
brief 
introduction 
and 
discuss 
their 
use 
in 
developing 
MC69JO control 
programs. 
The MC69JO has a set of 72 dif- 


ferent 
executable 
source 
instructions. 
Included 
are binary 
and decimal 
arithmetic, 
logical, 
shift, 
rotate, 
load, 
store, 
conditional 
or 
unconditional 
branch, 
interrupt 
and 
stack 
manipulation 
instructions. 
Each of 
the 
72 executable 
instructions 
of 
the 
source 
language assembles into 1 to 3 bytes of machine code. The 
number 
of bytes depends on the particular 
instruction 
and 


on the addressing 
mode. 
IThe addressing 
modes which 
are 
available for use with 
the various executive 
instructions 
are 
discussed later.) 


The coding of the first lor only) byte corresponding 
to an 
executable 
instruction 
is sufficient 
to identify 
the instruction 
and the addressing 
mode. 
The hexadecimal 
equivalents 
of 


the binary codes, which 
result from the translation 
of the 72 
instructions 
in all valid modes of addressing, 
are shown 
in 


Table 1. There are 197 valid machine 
codes, 59 of the 256 
possible codes being unassigned. 


When an instruction 
translates 
into two or three bytes of 
code, the second byte, or the second and third bytes con- 
tainls) an operand, an address, or information 
from which an 
address is obtained 
during execution. 
Microprocessor 
instructions 
are often 
divided 
into three 
general 
classifications: 
(1) 
memory 
reference, 
so 
called 
because 
they 
operate 
on 
specific 
memory 
locations; 
(2) 
operating 
instructions 
that 
function 
without 
needing 
a 
memory 
reference; 
131I/O instructions 
for transferring 
data 
between 
the microprocessor 
and peripheral 
devices. 


In many instances, 
the MC69JO performs the same opera- 


tion 
on 
both 
its 
internal 
accumulators 
and 
the 
external 
memory 
locations. 
In 
addition, 
the 
MC69JO 
interface 
adapters (PIA and ACIA) 
allow the MPU to treat peripheral 
devices exactly 
like other memory 
locations, 
hence, no I/O 
instructions 
as such are required. 
Because of these features, 
other 
classifications 
are more 
suitable 
for introducing 
the 
MC6800's 
instruction 
set: 
(1) 
Accumulator 
and 
memory 


operations; 
121 Program 
control 
operations; 
(31 Condition 
Code Register operations. 


00 
40 
NEG 
A 
eo 
SU8 
A 
IMM 
CO 
SU8 
8 
IMM 
01 
NOP 
41 
81 
CMP 
A 
IMM 
CI 
CMP 
8 
IMM 


02 
42 
82 
S8C 
A 
IMM 
C2 
S8C 
8 
IMM 


03 
43 
COM 
A 
83 
C3 


04 
44 
LSA 
A 
84 
AND 
A 
IMM 
C4 
AND 
8 
IMM 


05 
45 
85 
BIT 
A 
IMM 
C5 
81T 
8 
IMM 


06 
TAP 
46 
ADA 
A 
86 
LOA 
A 
IMM 
C6 
LOA 
8 
IMM 


07 
TPA 
47 
ASA 
A 
87 
C7 


08 
INX 
48 
ASL 
A 
BB 
EOR 
A 
IMM 
C8 
EOA 
8 
IMM 
09 
DEX 
49 
AOL 
A 
89 
AOC 
A 
IMM 
C9 
AOC 
8 
IMM 
OA 
CLV 
4A 
DEC 
A 
8A 
OAA 
A 
IMM 
CA 
OAA 
8 
IMM 


OB 
SEV 
48 
B8 
ADD 
A 
IMM 
C8 
ADD 
8 
IMM 


DC 
CLC 
4C 
INC 
A 
BC 
CPX 
A 
IMM 
CC 
00 
SEC 
40 
TST 
A 
BD 
8SA 
AEL 
CD 
OE 
ClI 
4E 
BE 
LOS 
IMM 
CE 
LOX 
IMM 


OF 
SEI 
4F 
CLA 
A 
8F 
CF 


10 
S8A 
50 
NEG 
8 
90 
SU8 
A 
DIA 
00 
SU8 
8 
DIA 


11 
C8A 
51 
91 
CMP 
A 
DIA 
01 
CMP 
8 
DIA 


12 
52 
92 
S8C 
A 
DIA 
02 
see 
8 
DIA 
13 
53 
COM 
8 
93 
03 
14 
54 
LSA 
8 
94 
AND 
A 
DIA 
D4 
AND 
8 
DIA 


15 
55 
95 
BIT 
A 
DIA 
05 
81T 
8 
DIA 
16 
TA8 
56 
ADA 
8 
96 
LOA 
A 
DIA 
06 
LOA 
8 
DIA 


17 
T8A 
57 
ASA 
8 
97 
STA 
A 
DIA 
07 
STA 
8 
DIA 


18 
58 
ASL 
8 
98 
EOA 
A 
DIA 
DB 
EOA 
8 
DIA 


19 
OM 
59 
AOL 
8 
99 
ADC 
A 
DIA 
09 
AOC 
8 
DIA 


lA 
SA 
DEC 
8 
9A 
OAA 
A 
DIA 
DA 
OAA 
8 
DIA 


18 
A8A 
58 
98 
ADD 
A 
OIA 
08 
ADD 
8 
DIA 


IC 
5C 
INC 
B 
9C 
cpx 
DIA 
DC 
10 
50 
TST 
B 
90 
DO 


IE 
5E 
9E 
LOS 
DIA 
DE 
LOX 
DIA 
IF 
SF 
CLA 
8 
9F 
STS 
DIA 
OF 
STX 
DIA 


20 
8AA 
AEL 
60 
NEG 
IND 
AO 
SU8 
A 
IND 
EO 
SU8 
8 
IND 


21 
61 
AI 
CMP 
A 
IND 
El 
CMP 
8 
IND 
22 
8HI 
AEL 
52 
A2 
S8C 
A 
IND 
E2 
S8C 
8 
IND 
23 
8LS 
AEL 
63 
COM 
IND 
A3 
E3 
24 
8CC 
AEL 
64 
LSA 
IND 
A4 
AND 
A 
IND 
E4 
AND 
8 
IND 
25 
8CS 
AEL 
55 
AS 
81T 
A 
IND 
E5 
81T 
8 
IND 
26 
8NE 
AEL 
66 
ADA 
IND 
A6 
LOA 
A 
IND 
E6 
LOA 
8 
IND 
27 
8EO 
AEL 
67 
ASA 
IND 
A7 
STA 
A 
IND 
E7 
STA 
8 
IND 
2B 
8VC 
AEl 
68 
ASl 
IND 
AB 
EOA 
A 
IND 
E8 
EOA 
8 
IND 
29 
8VS 
AEl 
69 
AOL 
IND 
A9 
ADC 
A 
IND 
E9 
ADC 
8 
IND 
2A 
8PL 
AEl 
6A 
DEC 
IND 
M 
OAA 
A 
IND 
EA 
OAA 
8 
IND 
28 
8MI 
AEl 
68 
A8 
ADD 
A 
IND 
E8 
ADD 
8 
IND 
2C 
8GE 
AEl 
6C 
INC 
IND 
AC 
CPX 
IND 
EC 
20 
8LT 
AEl 
60 
TST 
IND 
AD 
JSA 
IND 
ED 
2E 
8GT 
AEL 
6E 
JMP 
IND 
AE 
lDS 
IND 
EE 
lOX 
IND 
2F 
8lE 
AEL 
6F 
ClA 
IND 
AF 
STS 
IND 
EF 
STX 
IND 
30 
TSX 
70 
NEG 
EXT 
80 
SU8 
A 
EXT 
FO 
SU8 
8 
EXT 
31 
INS 
71 
81 
CMP 
A 
EXT 
Fl 
CMP 
8 
EXT 
32 
PUl 
A 
72 
82 
S8C 
A 
EXT 
F2 
S8C 
8 
EXT 
33 
PUl 
8 
73 
COM 
EXT 
83 
F3 
34 
DES 
74 
lSA 
EXT 
B4 
AND 
A 
EXT 
F4 
AND 
8 
EXT 


35 
TXS 
75 
85 
81T 
A 
EXT 
F5 
81T 
8 
EXT 


35 
PSH 
A 
76 
ADA 
EXT 
85 
lOA 
A 
EXT 
F5 
LOA 
8 
EXT 
37 
PSH 
8 
77 
ASA 
EXT 
87 
STA 
A 
EXT 
F7 
STA 
8 
EXT 


38 
7B 
ASl 
EXT 
88 
EOR 
A 
EXT 
FB 
EOA 
8 
EXT 
39 
ATS 
79 
AOL 
EXT 
89 
AOC 
A 
EXT 
F9 
AOC 
8 
EXT 
3A 
7A 
DEC 
EXT 
8A 
OAA 
A 
EXT 
FA 
OAA 
8 
EXT 
38 
ATI 
78 
88 
ADD 
A 
EXT 
F8 
ADD 
8 
EXT 
3C 
7C 
INC 
EXT 
8C 
cPX 
EXT 
FC 


3D 
70 
TST 
EXT 
80 
JSA 
EXT 
FD 
3E 
WAI 
7E 
JMP 
EXT 
8E 
LOS 
EXT 
FE 
LOX 
EXT 
3F 
SWI 
7F 
CLA 
EXT 
8F 
STS 
EXT 
FF 
STX 
EXT 


Noles: 
1 
AddresSIng Modes: 


A 
'"' Accumulator 
A 


B 
= 
Accumulator 
B 
REl 
'" RelatIVe 


INO 
= Indexed 
IMM 
= Immediate 


OIA 
= 
Direct • 
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IMMED 
DIRECT 
INDEX 
EXTNO 
IMPLIED 
IAIl ft1listtrlabth 
, 4 
J 
2 
1 , 


OPERATIONS 
MNEMONIC 
0' 
- ~ 0' 
- ~ 0' 
- ~ 0' - ~ 0' 
- ~ 
rtlerto 
contentsl 
H 
I 
• 
Z 
V 
C 


Add 
AOOA 
" 


2 
1 
9B 
J 
2 
A' , 
1 
88 
4 
J 
A'M 
-A 
!· 


I I I ! 


ADO a 
CB 
2 
1 
0' 
J 
2 
E8 , 
1 
Fa 
4 
J 
B + M '8 
I · 


I ! 
I 


Add 
Acmltn 
A'A 
18 
1 
1 
A + B ·A 
! · 


I I ! I 


Addwllh 
Cally 
AOCA 
89 
2 
1 
99 
J 
1 
A9 , 
2 
89 
4 
J 
A+M+C 
-A 
I· 


I I I I 


ADea 
C9 
1 
1 
09 
J 
2 
E9 , 
1 
f9 
4 
J 
B 
+ M t C -, 
I· 


I 
! I I 


Ao' 
ANDA 
84 
1 
2 
94 
J 
2 
A4 , 
1 
84 
4 
J 
A 
M 
-A 
·. I ! ,· 
ANQa 
CO 
1 
1 
04 
J 
2 
E4 , 
1 
f4 
4 
3 
B'M 
-8 
·.I ! ,· 
Bit Test 
HITA 
85 
1 
2 " 
J 
2 
A' , 
1 
85 
4 
J 
A-M 
·.I I ,· 
BIT8 
C5 
1 
2 
0' 
3 
2 
E5 , 
2 
F5 
4 
3 
,- 
M 
·.I ! ,· 
Cltar 
CLA 
6f 
7 
2 
IF , 
3 
00 
·M 
·., S ,, 


ClRA 
4F 
2 
1 
00 
'A 
·., S ,, 


CLRB 
5f 
2 
1 
00 
-8 
·., S ,, 


Compare 
CMPA 
81 
2 
1 
91 
3 
1 
Al , 
2 
B1 
4 
3 
A 
M 
·.I I I I 


eMPa 
C1 
2 
1 
01 
3 
1 
E1 , 
1 
f1 
4 
3 
,. 
M 
·. I I I I 


Compare 
Acmltrs 
CBA 
11 
2 
1 
A , 
·. ! I I ! 


Complement,l's 
COM 
63 
7 
2 
73 
6 
3 
~ 
-M 
·.! I , S 


COMA 
43 
2 
1 
~ 
-A 
·.I I , S 


COMB 
53 
2 
1 
ii '8 
·. I I , S 


Complemenl,2's 
.EG 
60 
7 
1 " 


6 
3 
0' 
M 
-M 
·. I 
11 
<i) 
INegatel 
NEGA 
4D 
2 
1 " 


A 
-A 
·. I lid: <i) 


NEGB 
'0 
1 , " , -, 
·.I 
1(D<i) 


Decimal 
Adlusl, 
A 
OAA 
19 
2 
1 
COJlvtrl$ SIllIIV Add 
al BCD Characters ·.I I I 


u1l0 BCD Formal 


Decrement 
DEe 
6A 
7 
1 
7A 
6 
J 
M , -M 
·. I I 
4 · 
OECA 
4A 
1 
1 
A 
1 
-A 
·.I ! 4 · 
OECa 
'A 
2 
1 ,-, -, 
·.I I 
4 · 
hclusive 
OR 
fORA 
88 
1 
2 
98 
3 
1 
A' , 
2 
88 
4 
3 
A@M 
'A 
·. I I ,. 


EORB 
C8 
1 
2 
0' 
3 
1 
E8 
5 
2 
Fa 
4 
3 
80M ~B 
·. I:f 


Increment 
,NC 
6C 
7 
2 
IC 
6 
3 
M + 1 'M 
·.! 


INCA 
4C 
2 
1 
A" 
'A 
·. ! I 
• 


INCB 
5C 
1 
1 
'" , 
·.I I 
• 
Load Acmltl 
lOAA 
86 
1 
2 
96 
3 
1 
A6 
5 
1 
B6 
4 
3 
M 
-A 
·. ! I ,· 
LDAS 
C6 
2 
2 
06 
3 
1 
E6 
5 
2 
f6 
4 
3 
M 
-, 
·.I I ,· 
Or, Inclusive 
QRAA 
'A 
1 
2 
9A 
3 
2 
AA 
5 
2 
'A 
4 
3 
At 
M 
• A 
·.I I ,· 
DRAB 
CA 
2 
1 
OA 
3 
2 
EA 
5 
2 
FA 
4 
3 
8 tM 
'8 
·.I I ,· 
Push Q,JIa 
PSHA 
36 
4 
1 
A 
·MSp. 
SP - 1 
-SP 
·..... 


PSHB 
37 
4 
1 
B 
'MSp,SP 
1 
-SP 
·.·.·. 
Pull Dala 
PULA 
32 
4 , 
SP·l 
'SP, 
MSp 
-A 
·.·.·. 
PULB 
33 
4 
1 
SP'l 
'SP, 
MSp 
. 8 
·.·.·. 
Rotate 
Leh 
'Ol 
69 
7 
1 
79 
6 
3 
~} CD - rn:IIII:D=J 
·.I I 
I 


ROLA 
" 
1 
1 
·.I I 
I 


ROL8 
59 
1 
1 
, 
C 
57 - 
bD 
·.I I 
I 


Rotate 
RI(;lt 
'0' 
66 
) 
1 
76 
6 
3 


~} CD - CIIIITII}::J 
·.I I 
I 
RORA 
46 
1 
1 
·.I I 
6 
I 


RORB 
56 
1 
1 
, 
C 
57 - 
bD 
·.I I 
6 
I 
Shih 
Leh, 
ArithmetiC 
ASl 
68 
) 
1 
78 
6 
3 
;} 
- 
·.1 I 
! 


AS LA 
48 
1 
1 
0- m-, ·.1 I 
I 


ASLB 
58 
1 
1 
C 
57 
• 0 
·.: I 
I 


Shift 
Righi, 
A"thmetlC 
ASR 
6/ 
) 
2 
)) 
6 
3 
~IL.1:rn= - 0 
·.I I 
I 


ASRA 
47 
1 
1 
·.I 
1 
I 
ASRB 
57 
1 
1 
6 
b1 
bO 
C 
·. I 
1 
6 
I 


Sh,lt 
Right, 
Logic 
lSR 
64 
) 
1 
)4 
6 
3 
;} 
- 
·. 


A 
I 
6 
I 


LSRA 
44 
1 
1 
o -CIIIIIIIJ 
- 
0 
·. 


A 
I 
I 
LsR6 
54 
1 
1 
57 
bD 
C 
·., I 
I 


siore 
Acmltr 
sTAA 
97 
4 
1 
A) 
6 
1 
97 
5 
3 
A 
- M 
·.I I ,· 
sTA6 
07 
4 
1 " 


6 
1 
F7 
5 
3 
B ·M 
·.I I ,· 
Subtract 
sUBA 
8D 
1 
1 
90 
3 
2 
A' 
5 
1 
'0 
4 
3 
A 
M 
- A 
·.1 I I I 


SUBB 
CD 
1 
1 
0' 
3 
2 
ED 
5 
1 
FO 
4 
3 
, 
M 
-, 
·.I I I ! 


Subtract 
Acmltrs. 
58A 
" 


1 
1 
A 
, 
- A 
·.1 I I : 


Sub". 
With Carly 
SBCA 
82 
2 
2 
92 
3 
2 
A1 , 
1 
82 
4 
3 
A 
M - C: 
A 
·.I I I I 


SBCB 
C1 
2 
1 
02 
J 
2 
E1 
5 
1 
F1 
4 
3 
, 
M 
C 
-, 
·.I I I ! 


Transler 
Acmltrs 
TA' 
16 
1 
1 
A 
-, 
·.I I 
A · 
TBA 
" 


1 
1 
, 
- A 
·.I I 
A 
• 
Test, Zero or MinUS 
TST 
60 
7 
1 
10 
6 
3 
M 
'0 
·. I I ,, 


TsTA 
40 
2 
1 
A " 
·. I I ,, 


TSTB 
50 
1 
1 , 
'0 
·.I I 
A 
A 


H , • 
Z 
V 
C 


LEGEND: 


OP 
Operation 
Code IHexadeclnMIl; 


Number 
of MPU Cycln; 


Number 
of Program 
6ylu; 


ArilhmeticPlus; 


ArilhmeticMinus; 


Bootnn 
AND; 


MSp 
Contents 
of memory 
location 
pointed 
to be Stack Poinler; 


Boolean 
Inclusive 
OR; 
o 
Boolean 
E~ctusiveOR; 


M 
Complement 
of M; 


Transfer 
Into; 


o 
Bil = Zero; 


00 
Byte" 
Zero; 


Half·carry 
hom 
bIll; 


Interruplmask 


Negative 
hign 
bit) 


Zero!byte) 


O~rflow. 
2's complemenl 


CaHy lrombit 
7 


ReselAlways 


$etAlways 


Tesl and set If true,c1eared 
otherwise 


Not AffeCled 


(Bit V) 
Test; Result" 
10000000? 
(Bit Cl 
Test; Result = OOOOOOOO? 
(Bit C) 
Test: Decimal value of most significant BCD 
Character greater than nine? 
(Not cleared if previously set.! 


(Bit V) 
Test: Operand 
= 10000000 prior to execution? 
(Bit V) 
Test: Operand 
= 01111111 
prior to e~ecution' 


(Bit V) 
Test: Set equal to result 01 N(±)C alter shift has occurred. 
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Program 
Control 
operation 
can be subdivided 
into 
two 
categories: 
(1I Index Register/Stack 
Pointer instructions; 
(2) 


Jump and Branch operations. 


Index Register/Stack 
Pointer 
Operations 


The instructions 
for direct operation 
on the MPU's 
Index 


Register 
and 
Stack 
Pointer 
are summarized 
in Table 
3. 


Decrement 
lDEX, 
DES). increment 
(INX, 
INS). load ILDX, 


LOS). and store 
(STX, 
STS) instructions 
are provided 
for 
both. 
The Compare instruction, 
CPX, can be used to com- 
pare the Index Regisftlr to a 16-bit value and update the Con- 
dition 
Code Register accordingly. 


The TSX instruction 
causes the Index Register to be load- 
ed with 
the 
address 
of 
the 
last data 
byte 
put 
onto 
the 


"stack." 
The TXS instruction 
loads the Stack Pointer with a 


value equal to one less than the current contents 
of the Index 
Register. 
This causes the next byte to be pulled from 
the 


"stack" 
to come from 
the location 
indicated 
by the Index 


Register. The utility of these two instructions 
can be clarified 
by describing 
the 
"stack" 
concept 
relative 
to the 
M6800 


system. 


The "stack" 
can be thought 
of as a sequential 
list of data 


stored in the MPU's 
read/write 
memory. 
The Stack Pointer 
contains 
a 16-bit memory address that is used to access the 
list from one end on a last-in-first-out 
(LIFO) basis in contrast 


to the random 
access mode used by the MPU's 
other ad- 


dressing modes. 


The MC6800 instru'ction 
set and interrupt 
structure 
allow 
extensive 
use of the stack concept 
for efficient 
handling 
of 
data movement, 
subroutines 
and interrupts. 
The instructions 


can be used to establish one or more "stacks" 
anywhere 
in 


read/write 
memory. 
Stack 
length 
is limited 
only 
by the 
amount 
of memory that is made available. 


Operation 
of the Stack Pointer with the Push and Pull in- 


structions 
is illustrated 
in Figures 15 and 16. The Push in- 
struction 
(PSHA) 
causes the contents 
of the indicated 
ac- 


cumulator 
(A in this example) to be stored in memory at the 
location indicated 
by the Stack Pointer. The Stack Pointer is 


automatically 
decremented 
by one 
following 
the 
storage 


operation 
and is "pointing" 
to the next empty stack location. 


The Pull instruction 
(PULA 
or PULB) causes the last byte 
stacked to be loaded into the appropriate 
accumulator. 
The 


Stack Pointer is automatically 
incremented 
by one just prior 
to the data transfer so that it will point to the last byte stack- 
ed rather than the next empty location. 
Note that the PULL 
instruction 
does not "remove" 
the data from memory; 
in the 
example, 
lA is still in location 
(m+ 1) follOWing execution 
of 
PULA. A subsequent 
PUSH instruction 
would overwrite 
that 
location 
with the new "pushed" 
data. 


Execution of the Branch to Subroutine 
IBSRI and Jump to 
Subroutine 
(JSR) instructions 
cause a return address to be 
saved on the stack as shown 
in Figures 18 through 
20. The 
stack is decremented 
after each byte of the return address is 
pushed onto 
the stack. 
For both of these instructions, 
the 


return address is the memory location 
following 
the bytes of 
code that correspond 
to the 8 SRand 
J SR instruction. 
The 
code required 
for BSR or JSR may be either two 
or three 
bytes, depending 
on whether 
the JSR is in the indexed ltwo 
bytes) 
or 
the 
extended 
Ithree 
bytes) 
addressing 
mode. 


Before it is stacked, the Program Counter is automatically 
in- 


cremented 
the correct 
number of times to be pointing 
at the 
location of the next instruction. 
The Return from Subroutine 
Instruction, 
RTS, causes the return address to be retrieved 
and loaded into the Program Counter as shown in Figure 21. 


There are several operations 
that cause the status of the 
MPU to be saved on the stack. The Software 
Interrupt 
(SWIl 
and Wait 
for 
Interrupt 
(WAil 
instructions 
as well 
as the 
maskable 
(IRQ) 
and 
non-maskable 
INMi) 
hardware 
inter- 


rupts all cause the MPU's 
internal 
registers 
(except 
for the 
Stack 
Pointer 
itself) 
to be stacked as shown 
in Figure 23. 


MPU status is restored by the Return from Interrupt, 
RTI, as 
shown 
in Figure 22. 


Jump 
end Branch Operation 


The Jump 
and 
Branch 
instructions 
are summarized 
in 
Table 4. These instructions 
are used to control the transfer or 
operation 
from one point to another in the control 
program. 


The No Operation 
instruction, 
NOP, while included 
here, 


is a jump operation 
in a very limited sense. Its only effect is to 
increment 
the Program 
Counter 
by one. 
It is useful during 
program 
development 
as a "stand-in" 
for some other 
in- 
struction 
that is to be determined 
during debug. 
It is also us- 


ed for equalizing the execution 
time through 
alternate 
paths 
in a control 
program. 


IMMEO 
OIRECT 
INOEX 
EXTNO 
IMPLlEO 
5 4 
3 
Z 1 I 


POINTER 
OPERATIONS 
MNEMONIC 
OP - " 


OP - " 


OP - " 


OP - " 


OP - " 


BOOLEAN/ARITHMETIC 
OPERATION 
H 
I 
N 
Z 
V 
C 


Com~rr 
Indell 
Reg 
CPX 
8C 
3 
3 
9C 
4 
2 
AC 
6 
2 
~C 
5 
3 
XH - 
M,Xl-IM 
.•.11 
• ·CD t\Zj. 


Decrement 
lodu 
Reg 
OEX 
09 
4 
1 
X-l-X 
• •• 
t •• 


Decrement 
Stack 
Polr 
OES 
34 
4 
1 
SP-l-SP 
·...·. 
Incremenl Index Reg 
INX 
08 
4 
1 
X+ l-X 
·.. t ·. 
Increment 
SlICk Potr 
INS 
31 
4 
1 
SP·l-SP 
·...·. 
load Index Reg 
lOX 
CE 
3 
3 
OE 
4 
2 
EE 
6 
2 
FE 
5 
3 
M - 
XH. 1M .•. 11 -+ Xl 
• .~ 
I 
R 
• 


load 
Stack Potr 
lOS 
8E 
3 
3 
9E 
4 
2 
AE 
6 
2 
BE 
5 
3 
M-SPH. 
1M .•.lI-SPl 
• .~ 
I 
R 
• 


Store 
lodell: 
Reg 
STX 
OF 
5 
2 
EF 
7 
2 
ff 
6 
3 
XH-M. 
Xl-IM.1I 
• .~ 
I 
R 
• 


Ston Stack Pnlr 
STS 
9F 
5 
2 
Af 
7 
2 
. BF 
6 
3 
SPH-M. 
SPl -1M 
.• 11 
•• a>l 
R 
• 


Ind. 
Reg 
-+ Stack 
Potr 
TXS 
35 
4 
1 
X-l-SP 
·...·. 
StiCk 
Pntr 
-+ Indll 
Reg 
TSX 
30 
4 
1 
SP .•. 1 - 
X 
·...·. 


<D 
IBit 
N) Test: 
Sign bit of most significant 
(MS) 
byte of result., 
1? 


~ 
IBit 
V) 
Test: 
2's complement 
overflow 
from 
subtraction 
of ms byte.? 


~ 
(Bit 
N) Test: 
Result 
Ie•• than 
zero? (Bit 
15" 
1) 


• 
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• 


Previously 
Stacked 
Data {::: 


m + 3 
{m 


m++ 


2 


1 
Previously 
Stacked 
Data 


m + 3 


m -2 
m - 
2 


m-1 
m -1 


SP~m 


m + 1 
1A 
SP 
-. 
m + 1 
1A 


Previously 
Steeked {.., 
3C 
r" 


3C 
Data 
Previouily 
m + 3 
05 
Stacked 
m + 3 
05 
O.t. 
EC 
EC 


PC__ 


PU~A 
PU~A 


Next In'tr. 
PC 
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RELATIVE 
INDEX 
EXTNO 
IMPLIED 
5 
4 
3 
Z 
1 
0 


OPERATIONS 
MNEMONIC 
DP - 
# 
OP - 
# 
OP - 
# 
OP - 
# 
BRANCH TEST 
H 
I 
N 
Z 
V 
C 


Branch AIWlyl 
BRA 
20 
4 
? 
None 
• • · • · • 
Branch If CaITYCI., 
Bee 
24 
4 
2 
e=o 
· • ·· • · 
Branch If Calrv Set 
BCS 
25 
4 
2 
e-l 
·· • • · • 


Branch 
If '" Zero 
BED 
27 
4 
2 
Z-I 
· • • · • • 
Branch If ;;;t.Zero 
BGE 
2e 
4 
2 
NIDV-O 
· • • ··· 
Branch 
n>Zero 
BGT 
2E 
4 
2 
Z + IN ID VI· 
0 
···· • · 
Branch If Higher 
8HI 
22 
4 
2 
e +~ 
- 0 
· • • • · • 
Branch If "';;Z.ro 
8LE 
2f 
4 
2 
Z + IN ID VI· 
1 
···· • • 
Branch If lower 
Or Same 
BLS 
23 
4 
2 
C + Z •• 1 
· • • ··· 
Branch 
It < Zero 
8LT 
2D 
4 
2 
NIDV-I 
··· • ·· 
Branch If Minus 
8MI 
28 
4 
2 
N -I 
···· • • 
Branch If Not Equal Zero 
8NE 
26 
4 
2 
Z·O 
• ··· • • 
Branch If OVffflow Clear 
8Ve 
28 
4 
2 
V-O 
• • ·· • · 
Branch If Overflow 
Set 
8VS 
29 
4 
2 
V;l 
• • ···· 
Branch If Plus 
8PL 
2A 
4 
2 
N=O 
• • • • • • 
Branch 
To Subroutine 
8SR 
80 
8 
2 
} 
• ··· • · 
Jump 
JMP 
6E 
4 
2 
7E 
3 
3 
SH Speci.1 Operations 
• • • ··· 
Jump 
To Subroutine 
JSR 
AD 
8 
2 
80 
9 
3 
······ 
No Operation 
NOP 
01 
2 
1 
Advances 
Prog. Cnu. Only 
···· • · 
Return From Interrupt 
RT! 
38 
10 
1 
-- 
G)-- 


Return 
From Subroutine 
RTS 
39 
5 
1 
} 
·11·rI : I·'· 
Software 
Interrupt 
SWI 
3f 
12 
1 
See Specill 
Oper.tions 
·..... 
Wait for Interrupt- 
WAI 
3E 
9 
1 
·0···· 


Load Condition 
Code 
Register 
from 
Stack. 
(See Special 
Operations) 


Set when 
interrupt 
occurs. 
If previously 
S8t, a Non-Maskable 
Interrupt 
is required to exit the wait state. 


Execution 
of 
the 
Jump 
Instruction, 
JMP, 
and 
Branch 
Always, 
BRA, affects 
program 
flow as shown in Figure 17. 


When the MPU encounters 
the Jump (Indexed) instruction, 


it adds the offset to the value in the Index Register and uses 
the result as the address of the next instruction 
to be ex- 
ecuted. 
In the extended addressing mode, the address of the 
next instruction 
to be executed is fetched from the two loca- 
tions immediately 
following 
the JMP instruction. 
The Branch 
Always (BRA) instruction 
is similar to the JMP (extended) in- 
struction 
except 
that 
the relative addressing 
mode applies 
and the branch is limited to the range within 
-125 or + 127 
bytes of the branch 
instruction 
itself. 
The opcode 
for the 
BRA instruction 
requires one less byte than JMP (extended) 
but takes one more cycle to execute. 


The effect 
on program 
flow 
for the Jump to Subroutine 
(JSR) and Branch to Subroutine 
(BSR) is shown in Figures 
18 through 
20. Note that the Program Counter is properly in- 
cremented 
to 
be pointing 
at 
the 
correct 
return 
address 
before it is stacked. 
Operation 
of the Branch to Subroutine 
and Jump to Subroutine 
(extended) instruction 
is similar ex- 


cept for the range. The BSR instruction 
requires less opcode 
than JSR (2 bytes versus 3 bytes) and also executes one cy- 


cle faster than JSR. 
The Return from 
Subroutine. 
RTS. is 
used as the end of a subroutine 
to return to the main pro- 
gram as indicated 
in Figure 21. 


The effect of executing 
the Software 
Interrupt, 
SWI. and 
the Wait 
for Interrupt, 
WAI, 
and their 
relationship 
to the 
hardware 
interrupts 
is shown 
in Figure 22. SWI causes the 
M PU contents 
to be stacked 
and then fetches 
the starting 
address of the interrupt 
routine 
from the memory 
locations 
that respond to the addresses FFFA and FFFB. Note that as 
in the 
case of 
the 
subroutine 
instructions. 
the 
Program 
Counter is incremented 
to point at the correct return address 
before being stacked. The Return from Interrupt 
instruction. 
RTI, (Figure 22) is used at the end of an interrupt 
routine to 
restore control 
to the main program. 
The SWI instruction 
is 
useful for inserting 
break points in the control 
program, 
that 
is, 
it can 
be used to 
stop 
operation 
and 
put 
the 
M PU 
registers in memory where they can be examined. 
The WAI 
instruction 
is used to decrease the time required to service a 
hardware 
interrupt; 
it stacks 
the MPU 
contents 
and then 
waits 
for the 
interrupt 
to occur. 
effectively 
removing 
the 
stacking 
time from a hardware 
interrupt 
sequence. 


{ 


PC 


n+~ 


X+K 


Main 
Program 


6E=JMP 


K=Offset 


PC 


{ 


n+~ 


EXTND 
n+~ 


Main Program 


7E=JMP 


KH= Next Address 


KL= Next Address 


Main Program 


n 
U=BRA 


n+ 1 
K=OffsetO 


• 


OK= Signed 7-bit value 


(bl Branch 
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• 


m _ 3 


m-. 
SP__ 
m -2 


m-l 
m _ 1 
In + 3)H 


SP_m 
In + 3}L 


m.' 
7. 
m.' 
7' 


m.' 
7A 
mq 
7A 


70 


,C--" 
n 
J5R·80 
JSR 


n.' 
SH· 
Sub,. Add', 
n + , 
SH • Subr. Add,. 


n+' 
SL • Sub'. Addr. 
n + 2 
SL 
- Sub'. 
Addr. 


n+3 
Nelli! 
Mein 
Innr. 
n +3 
Nellt Mein Inltr. 


m - 2 
SP ___._m - 2 


m -, 
m _, 
(n .•. 2)H 


SP 
-.... 
m 
(n 
+ 21L 


m+ 1 
7. 
m+ 1 
7' 


7A 
7A 


PC-" 
J5A· 
AD 
JSR 
= AD 


n + 1 
K •• Offset· 
n + 1 
K 
= Offset 


n+2 
N8.t 
Mein 
Instr. 
n + 2 
Next 
Main 
lnnr. 
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SP~m-2 
m-2 


m-l 
(n + 3)H 
m-l 


m 
(n + 3lL 
SP- 
m 


m + 1 
7E 
m+ 
1 
7E 


7A 
7A 


JSR' 
BD 
JSR' 
BD 


n + 1 
SH ""Subr. 
Addr. 
n + 1 
SH • Subr. 
Addr. 


n+2 
SL ""Subr. 
Addr. 
n+2 
SL 
'= Subr. 
Addr. 


n + 3 
Next 
Main 
Instr. 
pc~n+3 
Next 
Main 
Instr. 
• 


SP~ 
m-7 
m - 
7 


m -6 
CCR 
m -6 
CCR 


m - 
5 
ACCB 
m -5 
ACeS 


m - 
4 
ACCA 
m-4 
ACCA 


m - 
3 
XH 
(Index 
Reg) 
m -3 
XH 


m - 
2 
XL 
(Index 
Reg) 
m -2 
XL 


m -, 
PC(n+1)H 
m -, 
PCH 


PC(n+1)L 


SP__ 


PCL 


7E 
7E 


n + , 
Next 
Main 
Instr. 
PC~ 
n + 1 
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SP - 
m - 
7 


c:::> 
m -6 


m - 5 
m -4 


m -3 
m -2 


m -1 


SWI 
HOWR 
INT 


No 


Condition Code 


Acmltr. 
B 


Acmltr. A 


Index Register IXH) 


Index Register (XI) 


PC(n+lIH 


PCln + 1)L 


IRQ 


IRQ 


SWI 


SWI 


NMI 


NMI 


Reset 


Reset 


MS 
lS 
MS 
lS ....--J'..... 
MS L...-..V 


lS 
MS 
lS 


First Instr. 
Addr. 
Formed 
By Fetching 
2·8ytn 
From 
Per. Mem. 
Assign. 
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FIGURE24 - 
CONDITIONAL BRANCH INSTRUCTIONS 


8Ml 
N-l 
BEO 
Z-l 
BPl 
N-' 
BNE 
z·. 


BVC 
Va. 
BeC 
Ca. 
BVS 
V'l 
BeS 
C'l 


BHI 
C+Z-t/> 
BlT 
N<IIV-l 
BlS 
C+Z=l 
BGE 
N<IIV" 


BlE 
Z+(N<IIV)-' 
BGT 
Z+(N<IIVI-. 


The conditional 
branch instructions, 
Figure 24, consists of 
seven pairs of complementary 
instructions. 
They are used to 
test the results of the preceding 
operation 
and either con- 
tinue 
with 
the next instruction 
in sequence 
(test fails) or 
cause a branch 
to another 
point 
in the program 
(test suc- 
ceeds). 


Four of the pairs are used for simple tests of status bits N, 


Z, V, and C: 


1. Branch on Minus (BMII and Branch On Plus (BPU tests 
the 
sign 
bit, 
N, 
to 
determine 
if the 
previous 
result 
was 
negative or positive, 
respectively. 


2. Branch 
On 
Equal 
(BEQ) and 
Branch 
On Not 
Equal 
(BNE) are used to test the zero status bit, Z, to determine 
whether 
or not the result of the previous operation was equal 
to zero. These two instructions 
are useful following 
a Com- 


pare ICMP) 
instruction 
to test for equality 
between 
an ac- 
cumulator 
and the operand. They are also used following 
the 
Bit Test (BITI to determine whether 
or not the same bit posi- 
tions are set in an accumulator 
and the operand. 


3. Branch 
On 
Overflow 
Clear 
IBVC) 
and 
Branch 
On 
Overflow 
Set (BVS) tests the state of the V bit to determine 
if the previous operation 
caused an arithmetic 
overflow. 
4. Branch On Carry Clear (BCC) and Branch On Carry Set 
IBCS) tests the state of the C bit to determine if the previous 
operation 
caused a carry to occur. 
BCC and BCS are useful 


for testing 
relative magnitude 
when the values being tested 
are regarded as unsigned binary numbers, that is, the values 
are in the range 00 (lowest) to FF lhighest). 
BCC following 
a 
comparison 
ICMP) 
will 
cause 
a branch 
if the 
(unsigned) 
value in the accumulator 
is higher than or the same as the 
value of the operand. 
Conversely, 
BCS will cause a branch if 
the accumulator 
value is lower than the operand. 
The fifth complementary 
pair, Branch On Higher (BHII and 
Branch 
On Lower 
or Same (BLS) 
are, in a sense, 
com- 


plements to BCC and BCS. BHI tests for both C and Z=O; 
if 
used following 
a CMP, it will cause a branch if the value in 
the 
accumulator 
is higher 
than 
the operand. 
Conversely, 


BLS will cause a branch if the unsigned 
binary value in the 
accumulator 
is lower than or the same as the operand. 
The remaining 
two 
pairs are useful 
in testing 
results of 
operations 
in which 
the values are regarded as signed two's 
complement 
numbers. 
This differs from the unsigned binary 
case in the following 
sense: in unsigned, 
the orientation 
is 
higher 
or lower; 
in signed 
two's 
complement, 
the 
com- 
parison 
is between 
larger 
or smaller 
where 
the 
range 
of 
values is between 
-128 and + 127. 


Branch On Less Than Zero IBLTI and Branch On Greater 
Than Or Equal Zero (BGE) test the status bits for N <IIV = 1 
and N <IIV = 0, respectively. 
BLT will always cause a branch 
following 
an operation 
in which 
two negative numbers were 
added. In addition, 
it will cause a branch following 
a CMP in 
which 
the value in the accumulator 
was negative 
and the 
operand was positive. 
BLT will never cause a branch follow- 


ing a CMP in which 
the accumulator 
value was positive and 
the operand 
negative. 
BGE, the complement 
to BLT, 
will 
cause·a 
branch 
following 
operations 
in which 
two 
positive 
values were added or in which 
the result was zero. 


The last pair, Branch On Less Than Or Equal Zero (BLE) 
and Branch On Greater Than Zero (BGT) test the status bits 
for Z<II(N + V) = 1 and Z<IIIN + V) =0, 
respectively. 
The ac- 
tion of BLE is identical to that for BLT except that a branch 
will also occur if the result of the previous 
result was zero. 


Conversely, 
BGT is similar to BGE except that no branch will 
occur following 
a zero result. 


CONDITION CODE REGISTER 
OPERATIONS 


The 
Condition 
Code 
Register 
ICCR) 
is a 6-bit 
register 
within 
the MPU that 
is useful in controlling 
program 
flow 
during system operation. 
The bits are defined 
in Figure 25. 


The instructions 
shown in Table 5 are available to the user 
for direct manipulation 
of the CCR. 


A CLI-WAI 
instruction 
sequence operated 
properly, 
with 
early MC6800 processors, 
only if the preceding 
instruction 
was odd (Least Significant 
Bit= 11. Similarly it was advisable 


to precede tiny SEI instruction 
with an odd opcode 
- 
such 
as NOP. These precautions 
are not necessary for M C6800 
processors 
indicating 
manufacture 
in 
November 
1977 or 
later. 


Systems which 
require an interrupt 
window 
to be opened 
under program control 
should use a CLI-NOP-SEI 
sequence 
rather than CLI-SEI. 
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bS 
b4 
b3 
b2 
bl 
bO 


~ 


H = Half·carry; 
set whenever 
a carry from b3 to b4 of the result is generated 
by ADD, ABA, ADC; cleared if no b3 to b4 carry; not affected 
by other 


instructions. 


= 
Interrupt 
Mask; set by hardware 
or software 
interrupt 
or SE I instruction; 
cleared by Cli instruction. 
(Normally 
not used in arithmetic 
operations.) 


Restored 
to a zero 
as a result 
of an RTl 
instruction 
if 1m stored on the 
stacked 
is low . 


C = Carry; set if there was a carry from the most significant 
bit (b7) of the 
result; cleared otherwise. 


IMPLIED 


OP 
- 
= 


OC 
1 
1 


OE 
2 
1 


OA 
1 
1 


00 
2 
1 


OF 
2 
1 
OB 
1 
1 
06 
1 
1 
07 
1 
1 


CONO. 
CODE 
REG. 


543110 


BOOLEAN 
OPERATION 
H 
I 
N 
Z 
V 
C 
o-c 
••••• 
R 


0 ....• 1 
• 
R 
•••• 
a-v 
•••• 
R 
• 
l-C 
••••• 
$ 


11:~ 
: ~ : I: ; : 


A - 
CCR 
---0)--- 


CCR - 
A 
• I • I • I• I • I • 


A'" 
Reset 


S '" Set 


• 
= Not 
affected 


CD 
(ALL) 
Set according 
to the contents 
of Accumulator 
A 


into 
appropriate 
opcode 
then 
depends 
on the 
method 
used. If manual 
translation 
is used, the addressing 
mode 
is inherent 
in the opcode. 
For example, 
the immediate, 
direct, 
indexed, 
and extended 
modes 
may 
all be used 
with the ADD instruction. 
The proper 
mode is determined 
by selecting 
(hexadecimal 
notation) 
8B, 9B, AB, or BB, 
respectively. 


The source statement 
format 
includes 
adequate 
infor- 
mation 
for the selection 
if an assembler 
program 
is used 
to generate the opcode. 
For instance, the immediate 
mode 
is selected 
by the assembler 
whenever 
it encounters 
the 
"#" symbol 
in the operand 
field. 
Similarly, 
an "X" 
in the 
operand 
field 
causes the 
indexed 
mode 
to be selected. 
Only the relative 
mode applies to the branch instructions; 


therefore, 
the mnemonic 
instruction 
itself 
is enough 
for 
the assemble 
to determine 
addressing 
mode. 


Clear 
Carry 


Dear 
Interrupt 
Mask 


Clear 
Overflow 


Set Carry 


Set Interrupt 
Mask 


Set Overflow 


Acmltr A-eeR 
eeR 
-+ Acmltr 
A 


MNEMONIC 


ClC 


Cli 


ClV 


SEC 


SEI 


SEV 


TAP 


TPA 


The MPU operates 
on 8-bit binary 
numbers 
presented 
to it via the data 
bus. A given 
number 
(byte) 
may rep- 
resent 
either 
data or an instruction 
to be executed, 
de- 
pending 
on where it is encountered 
in the control program. 


The M6800 
has 72 unique 
instructions; 
however, 
it rec- 
ognizes 
and takes action 
on 197 of the 256 possibilities 
that 
can occur 
using 
an 8-bit 
word 
length. 
This 
larger 
number 
of instructions 
results from the fact that many of 
the executive 
instructions 
have more than 
one address- 
ing mode. 


These addressing 
modes 
refer to the manner 
in which 
the 
program 
causes 
the 
MPU to obtain 
its instructions 
and data. The programmer 
must 
have a method 
for ad- 
dressing 
the 
MPU's 
internal 
registers 
and all of the ex- 
ternal 
memory 
locations. 
Selection 
of the desired 
addressing 
mode 
is made by 
the user as the source statements 
are written. 
Translation 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-82 


For the instructions 
that 
use both 
Direct and Extended 
modes, the Assembler selects the Direct mode if the operand 
value is in the range 0-256 and Extended otherwise. 
There 
are a number of instructions 
for which the Extended mode is 
valid 
but 
the 
Direct 
is not. 
For these 
instructions, 
the 
Assembler 
automatically 
selects the Extended mode even if 
the operand is in the 0-256 range. The addressing modes are 
summarized 
in Figure 26. 


Inherent (Includes" 
Accumulator 
Addressing" 
Mode) 


The 
successive 
fields 
in 
a 
statement 
are 
normally 
separated by one or more spaces. An exception 
to this rule 
occurs 
for 
instructions 
that 
use dual 
addressing 
in the 
operand 
field and for instructions 
that must distinguish 
be- 
tween 
the two 
accumulators. 
In these cases, A and Bare 


"operands" 
but the space between 
them and the operator 
may be omitted. 
This is commonly 
done, 
resulting 
in ap- 
parent four character 
mnemonics 
for those instructions. 


The addition 
instruction, 
ADD, 
provides 
an example 
of 
dual addressing 
in the operand 
field: 


The example used earlier for the test instruction, 
TST, also 
applies to the accumulators 
and uses the "accumulator 
ad- 
dressing mode" 
to designate which of the two accumulators 


is being tested: 


Direct: 
DO 
Instruction 
Immediate: 
Instruction 


Example: 
SUBB 
Z 
n + 1 
Example: 
LOAA 
#K 
n + 1 
Addr. Range -.:0-255 
Z '" Oprnd 
Address 
(K .••.One·Byte 
Oprndl 
K - 
Operand • 


&, 
n + 2 
Next 
Instr. 
n+2 
Next lnst. 


• 
OR 
• 


(K 
,. Two-Byte 
Qprnd) 
Instruction 
(CPX. 
LOX, 
and 
LOS) 
• 
n + , 
KH 
- 
Operand 


(K - 
One-Byte 
Oprnd) 
Z I 
K "" Operand 
n + 2 
KL 
- 
Operand 


OR 
n+3 
Next 
Instr. 


(K • Two·Byte 
Qprnd) 
Z 
KH· 
Operand 


Z + , 
KL'" 
Operand 


FO 
Instruction 


ZH 
-.: Oprnd 
Address 


ZL: 
Qprnd 
Address 


Next 
Instr. 


Z 
1 
K_~_o_p_o_ro_n_d 
_ 


Addr. 
Range: 


-125 to -+129 
Releti 
.•• to n. 


In + 2) ±K 
1__ 
N_O_X'_ln_'_tr_._& 
__ 
-, 


Indexed: 
Instruction 


Example: 
ADDA 
Z, X 
n + , 
Z - OffM, 


Addr. 
Range: 
n+2 
Next In.tr. 


0-255 
Relativeto 
Index 
Register, 
X 
• 
• 
• 


(z 
- a-Bit 
Unsigned 
X+Z I 
K - 
Operand 
Value) 
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mode, 
the 
"address" 
of 
the 
operand 
is effectively 
the 
memory location immediately 
following 
the instruction 
itself. 
Table 
7 shows 
the 
cycle-by-cycle 
operation 
for 
the 
im- 
mediate addressing 
mode. 


Direct and Extended Addressing 
Modes 
- 
In the Direct 
and Extended modes of addressing, 
the operand field of the 
source statement 
is the address 
of the value that 
is to be 
operated 
on. The Direct and Extended modes differ only in 
the range of memory locations 
to which 
they can direct the 
MPU. 
Direct 
addressing 
generates 
a single 8-bit 
operand 
and, hence, can address only memory 
locations 
0 through 
256; a two byte operand is generated for Extended address- 
ing, enabling the MPU to reach the remaining memory loca- 
tions, 256 through 
65535. An example of Direct addressing 
and its effect on program flow is illustrated 
in Figure 30. 
The MPU, after encountering 
the opcode 
for the instruc- 
tion 
LDAA 
(Direct) 
at 
memory 
location 
5(X)4 (Program 
Counter=5(X)4), 
looks in the next location, 
5005, for the ad- 
dress of the operand. 
It then sets the program counter equal 
to the value found there (100 in the example) and fetches the 
operand, 
in this case a value to be loaded into accumulator 
A, from that location. 
For instructions 
requiring 
a two-byte 
operand such as LOX (Load the Index Register), the operand 
bytes would be retrieved from locations 
100 and 101. Table 8 
shows 
the cycle-by-cycle 
operation 
for the direct 
mode of 
addressing. 


Extended 
addressing, 
Figure 31, is similar except 
that a 
two-byte 
address is obtained 
from locations 
'Y:IJ7 and 'Y:IJ8 
after 
the 
LDAB 
(Extended) 
opcode 
shows 
up in location 
5005. Extended addressing 
can be thought 
of as the "stan- 
dard" 
addressing 
mode, that is, it is a method 
of reaching 
any place in memory. 
Direct addressing, 
since only one ad- 
dress byte is required, 
provides a faster method of process- 
ing data and generates fewer bytes of control code. In most 
applications, 
the direct addressing range, memory locations 
0-256, are reserved for RAM. They are used for data buffer- 
ing and temporary 
storage of system variables, 
the area in 
which 
faster 
addressing 
is of 
most 
value. 
Cycle-by-cycle 
operation 
is shown in Table 9 for Extended Addressing. 


A number of the instructions 
either alone or together 
with 
an accumulator 
operand 
contain 
all of the address informa- 
tion 
that 
is required, 
that 
is, "inherent" 
in the instruction 
itself. 
For instance, 
the instruction 
ABA causes the MPU to 
add the contents 
of accmulators 
A and B together 
and place 
the result in accumulator 
A. The instruction 
INCB, another 
example 
of "accumulator 
addressing," 
causes the contents 
of accumulator 
B to be increased by one. Similarly, 
INX, in- 
crement the Index Register, causes the contents 
of the Index 
Register to be increased by one. 
Program 
flow 
for instructions 
of this type is illustrated 
in 
Figures 27 and 28. In these figures, the general case is shown 
on the left and a specific 
example 
is shown 
on the right. 


Numerical 
examples 
are in decimal notation. 
Instructions 
of 
this type 
require 
only 
one byte of opcode. 
Cycle-by-cycle 
operation 
of the inherent 
mode is shown 
in Table 6. 


Immediate 
Addressing 
Mode 
- 
In the Immediate address- 
ing mode, the operand is the value that is to be operated on. 
For instance, 
the instruction 


causes the MPU to "immediately 
load accumulator 
A with 
the value 25"; 
no further 
address reference is required. 
The 
Immediate 
mode is selected by preceding 
the operand value 
with the "I" symbol. 
Program flow for this addressing mode 
is illustrated 
in Figure 29. 
The operand 
format 
allows 
either 
properly 
defined 
sym- 
bols or numerical 
values. 
Except for the instructions 
CPX, 
LOX, and LDS, the operand may be any value in the range 0 
to 256. Since Compare 
Index Register 
(CPX), 
Load Index 
Register (LOX), and Load Stack Pointer (LOS), require 16-bit 
values, the immediate 
mode for these three instructions 
re- 
quire 
two-byte 
operands. 
In 
the 
Immediate 
addressing 
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R~ 
Add,.. 
Mode - 
In both the Direct and Extended 
modes, 
the address 
obtained 
by the MPU 
is an absolute 
numerical 
address. 
The 
Relative 
addressing 
mode, 
im- 
plemented 
for the 
MPU's 
branch 
instructions, 
specifies 
a 
memory 
location 
relative to the Program 
Counter's 
current 
location. 
Branch instructions 
generate two bytes of machine 
code, 
one 
for 
the 
instruction 
opcode 
and 
one 
for 
the 
"relative" 
address (see Figure 321. Since it is desirable to be 
able to branch in either direction, 
the 8-bit address byte is in- 
terpreted as a signed 7-bit value; the 8th bit of the operand is 
treated 
as a sign bit, 
"0" = plus and "1" = minus. 
The re- 
maining 
seven 
bits 
represent 
the 
numerical 
value. 
This 
results in a relative addressing range of ± 127 with respect to 
the location 
of the branch 
instruction 
itself. 
However, 
the 
branch range is computed 
with 
respect to the next instruc- 
tion that would 
be executed if the branch conditions 
are not 
satisfied. 
Since two bytes are generated, the next instruction 
is located 
at PC + 2. If D is defined 
as the address of the 
branch destination, 
the range is then: 


(PC+ 2) -127s 
Ds IPC+ 2) + 127 


the unconditional 
jump 
IJMP), 
jump 
to subroutine 
(JSRI, 
and return from subroutine 
(RTS) are used. 


In Figure 32, when 
the MPU encounters 
the opcode 
for 
BEO (Branch if result of last instruction 
was zero), it tests the 
Zero bit in the Condition 
Code Register. If that bit is "0," 
in- 
dicating 
a non-zero 
result, 
the 
M PU continues 
execution 
with the next instruction 
(in location 5010 in Figure 32). If the 
previous 
result was zero, the branch 
condition 
is satisfied 
and the MPU adds the offset, 
15 in this case, to PC+2 
and 
branches to location 
5025 for the next instruction. 
The branch instructions 
allow the programmer 
to efficient- 
ly direct the MPU to one point or another 
in the control 
pro- 
gram depending 
on the outcome 
of test results. 
Since the 
control program is normally in read-only memory and cannot 
be changed, 
the relative address used in execution 
of branch 
instructions 
is a constant 
numerical 
value. 
Cycle-by-cycle 
operation 
is shown 
in Table 10 for relative addressing. 


Indexed 
Addressing 
Mode 
- 
With 
Indexed 
addressing, 
the numerical address is variable and depends on the current 
contents 
of the Index Register. A source statement 
such as 


PC-125sDsPC+129 


that 
is, the destination 
of the branch 
instruction 
must be 
within 
-125 
to 
+ 129 memory 
locations 
of the branch 
in- 


struction 
itself. 
For transferring 
control 
beyond 
this range, 


ABA 
DAA 
SEC 
2 
1 
1 
Op Code Addr ••• 
1 
Op Code 
ASL 
DEC 
SEI 
ASR 
INC 
SEV 
2 
1 
Op Code Address + 1 
1 
Op Code of Next 
Instruction 


CBA 
LSR 
TAB 
CLC 
NEG 
TAP 
CLI 
NOP 
TBA 
CLR 
ROL 
TPA 
CLV 
ROR 
TST 
COM 
SBA 


DES 
1 
1 
Op Code Addr ••• 
1 
Op Code 
DEX 
2 
1 
Op Code Address + 1 
1 
Op Code of Next 
Instruction 
INS 
4 
INX 
3 
0 
Previous Register Contents 
1 
Irrelevant Data (Note 1) 


4 
0 
New Register Contents 
1 
Irrelevant Data (Note 1) 


PSH 
1 
1 
Op Code 
Address 
1 
OpCode 


4 
2 
1 
Op Code Address + 1 
1 
Op Code of Next 
Instruction 


3 
1 
Stack Pointer 
0 
Accumulator 
Data 


4 
0 
Stack Pointer 
- 
1 
1 
Accumulator 
Data 


PUL 
1 
1 
Op Code 
Address 
1 
Op Cod. 


4 
2 
1 
Op Code Address + 1 
1 
Op Code of Next 
Instruction 


3 
0 
Stack Pointer 
1 
Irrelevant 
Data 
(Note 
1) 


4 
1 
Stack Pointer + 1 
1 
Operand 
Data from 
Stack 


TSX 
1 
1 
Op Cod. 
Addre •• 
1 
OpCod. 


4 
2 
1 
Op Code Address + 1 
1 
Op Code of Next 
Instruction 


3 
0 
Stack Pointer 
1 
Irrelevant 
Data (Note 
1) 


4 
0 
New I ndex Register 
1 
Irrelevant 
Data 
(Note 
1) 


TXS 
1 
1 
Op Code Address 
1 
OpCode 


4 
2 
1 
Op Code Address + 1 
1 
Op Code of Next 
Instruction 
3 
0 
Index Register 
1 
Irrelevant 
Data 


4 
0 
New Stack Pointer 
1 
Irrelevant 
Data 


RTS 
1 
1 
Op Code Address 
1 
OpCod. 


2 
1 
Op Code Address + 1 
1 
Irrelevant 
Data (Note 
2) 


5 
3 
0 
Stack Pointer 
1 
Irrelevant 
Date (Note 
1) 


4 
1 
Stack Pointer + 1 
1 
Address of Next 
Instruction 
(High 
Order BYte) 


5 
1 
Stack Pointer 
+ 2 
1 
Addr •• 
of Next 
Instruction 
(Low 
Order By,e) 
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I 


• 


WAI 
1 
1 
Op Code Addre •• 
1 
OpCode 


2 
1 
Op Code Address + 1 
1 
Op Code of Next 
Instruction 
3 
1 
Stack Pointer 
0 
Aeturn 
Addre •• (Low Order Byte) 


4 
1 
Stack Pointer - 
1 
0 
Return 
Address (High Order Bvte~ 


9 
5 
1 
St~ck Pointer 
- 
2 
0 
Index Register (Low Order Byte) 


6 
1 
Stack Pointer - 
3 
0 
Index Register (High Order Byte) 


7 
1 
Stack Pointer - 
4 
0 
Contents 
of Accumulator 
A 


B 
1 
Stack Pointer 
- 5 
0 
Contents of Accumulator 
B 
9 
1 
Stack Pointer 
- 
6 (Note 
3) 
1 
Contents of Cond. Code Aegister 


AT! 
1 
1 
Op Code Addre •• 
1 
Op Code 


2 
1 
Op Code Address + 1 
1 
Irrelevant Data (Note 2) 
3 
0 
Stack Pointer 
1 
Irrelevant Data (Note 1) 


4 
1 
Stack Pointer 
+ 1 
1 
Contents 
of Condo Code Register from 
Stack 
10 
5 
1 
Stack Pointer 
+ 2 
1 
Contents of Accumulator 
B from 
Stack 
6 
1 
Stack Pointer 
+ 3 
1 
Contents of Accumulator 
A from 
Stack 


7 
1 
Stack Pointer + 4 
1 
Index Register from Stack (High Order 
Byte) 


B 
1 
Stack Pointer + 5 
1 
Index Register from Stack (Low Order 
Byte) 
9 
1 
Stack Pointer + 6 
1 
Next 
Instruction 
Address from Stack 
(High Order Byte) 


10 
1 
Stack Pointer + 7 
1 
Next 
Instruction 
Address from Stack 
I Low Order Byte} 


SWI 
1 
1 
Op Code Address 
1 
.Op Code 


2 
1 
Op Code Address + 1 
1 
Irrelevant 
Data (Note 
11 
3 
1 
Stack Pointer 
0 
Return 
Address (Low Order Byte) 


4 
1 
Stack Pointer - 
1 
0 
Return 
Address (High Order Byte) 
5 
1 
Stack Pointer 
- 
2 
0 
Index Register (low 
Order Byte) 


12 
6 
1 
Stack Pointer - 
3 
0 
Index Register (High Order Byte) 


7 
1 
Stack Pointer - 
4 
0 
Contents 
of Accumulator 
A 


B 
1 
Stack Pointer 
- 5 
0 
Contents 
of Accumulator 
B 
9 
1 
Stack Pointer - 
6 
0 
Contents 
of Condo Code Register 


10 
0 
Stack Pointer 
- 
7 
1 
Irrelevant 
Data (Note 
1) 


11 
1 
Vector 
Address FFFA 
(Hex) 
1 
Address of Subro'!tine 
(High Order 
Byte) 


12 
1 
Vector 
Address FFFB 
(Hex' 
1 
Address of Subroutine 
(low 
Order 
Bvte) 


If device which 
is addreSled during this cycle uses VMA, 
then the Data Bus will go to the high impedance three-state 
condition. 


Depending 
on bus capacitance, 
data from the previous cycle may be retained on the Data Bus. 


Date is ignored by the MPU. 


While the MPU 
is waiti!"9 for the interrupt, 
Bus Available 
will go high indicating 
the following 
states of the control 
lines: VMA 
is 
low; Address Bus, RIW, 
and Data Bus are all in the high impedance state. 


the memory 
location 
specified 
by the contents 
of the Index 
Register (recall thaI the label "X" 
is reserved 10 designate lhe 
Index Registerl. 
Since there are instructions 
for manipulating 
X during 
program 
execution 
(lOX, 
INX, OEC, etc.), 
the In- 


dexed addressing 
mode provides a dynamic" 
on lhe fly" way 
10 modify 
program 
aClivity. 


The operand 
field can also contain 
a numerical value thaI 
will be automatically 
added to X during execution. 
This for- 
mat is illustrated 
in Figure 33. 


When the MPU encounters 
lhe lOAB 
(lndexedl 
opcode in 


location 
5006, it looks in the nexl memory 
location 
for the 
value to be added to X (5 in the example) and calculates the 
required address by adding 5 to the present 
Index Register 
value 
of 400. 
In the 
operand 
formal, 
the offset 
may be 
represented by a label or a numerical value in the range 0-255 
as in the example. 
In lhe 
earlier example, 
STAA 
X, the 
operand is equivalenl 
to 0, X, that is, lhe 0 may be omilted 
when lhe desired address is equal to X. Table 11 shows the 
cycle-by-cycle 
operation 
for lhe Indexed Mode of Address- 
ing. 


MOTOROLA MICROPROCESSOR DATA 


3-86 


TABLE 
7 - 
IMMEDIATE 
MODE 
CYCLE-BY-CYCLE 
OPERATION 


RIW 
Line 


ADC 
EOR 
, 
, 
Op Code Address 
, 
Op Code 
ADD 
LOA 
2 
, 
Op Code Address + 1 
1 
Operend 
Dete 
AND 
ORA 
2 
BIT 
SBC 
CMP 
SUB 


CPX 
, 
, 
Op Code Addr ••• 
1 
Op Code 
LOS 
3 
2 
, 
Op Code Address + , 
, 
Operond 
Data (High 
Order 
Byte) 
LOX 
3 
, 
Op Code Addre •• + 2 
1 
Operand 
Data (Low 
Order 
Byte) 


TABLE 
8 - 
DIRECT 
MODE 
CYCLE-BY-CYCLE 
OPERATION 


RIW 
Line 


ADC 
EOR 
, 
, 
Op Code Address 
, 
Op Code 
ADD 
LOA 
2 
, 
Op Code Addr ••• + , 
, 
Address 
of O_and 
AND 
ORA 
3 
BIT 
SBC 
3 
, 
Address of Operand 
, 
Operand 
Oat8 
CMP 
SUB 


CPX 
, 
, 
Op Code Address 
, 
OpCode 
LOS 
2 
, 
Op Code Address + , 
, 
Address of Operand 
LOX 
4 
3 
, 
Address of Operand 
, 
Operand 
Data (High 
Order 
Byte) 


4 
, 
Operand Address + 1 
, 
Operand 
Data 
flow 
Order By tel 


STA 
, 
, 
Op Code Address 
, 
Op Code 


4 
2 
, 
Op Code 
Address 
+ 1 
, 
Destination 
Address 
3 
0 
Destination 
Address 
, 
Irrelevsnt Data (Note 1) 


4 
, 
Destination 
Address 
0 
Data from Accumulator 


STS 
, 
, 
Op Code Address 
, 
Op Code 
STX 
2 
, 
OP Code Address + , 
, 
Address of Operand 
5 
3 
0 
Address of Operand 
, 
Irrelevant Data (Note 1) 
4 
, 
Address of Operand 
0 
Regi.ter 
Data 
(High 
Order 
By tel 
5 
, 
Address of Operand + 1 
0 
Register Data {Low Order By tel 


• 
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Add,ess Mod. 
Cyele 
VMA 
R/W I 
.nd Instructions 
Cycles . 
Line 
Addr." Bus 
line 
Data 
Bus 


STS 
1 
1 
Op Code 
Address 
1 
Op 
Code 
STX 
2 
1 
Dp Code Address + 1 
1 
Address 
of Operand 
(H Igh Order 
Byte) 


6 
3 
1 
Qp Code Address + 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
0 
Address 
of Operand 
1 
Irrelevant 
Data 
(Note 
1) 


5 
1 
Address 
of Operand 
0 
Operand 
Data 
(High 
Order 
Byte) 


6 
1 
Address 
of Operand 
+ , 
0 
Operand 
Data 
(Low 
Order 
Byte) 


JSR 
1 
1 
Op Code 
Address 
1 
Qp Code 


2 
1 
Qp Code Address + , 
1 
Address 
of Subroutine 
(High 
Order 
Byte) 


3 
1 
Qp Code 
Address 
+ 2 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


4 
1 
Subroutine 
Starting 
Address 
1 
Qp Code of Next 
Instruction 


9 
5 
1 
Stack 
Pointer 
0 
Return 
Address 
ILow Order Bytel 


6 
1 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
IHigh 
Order 
Byte) 


7 
0 
Stack 
POinter 
- 
2 
1 
Irrelevant 
Data 
(Note 
1) 


a 
0 
Op Code Address + 2 
1 
Irrelevant 
Data 
(Note 
1) 


9 
1 
Op Code 
Address 
+ 2 
1 
Addrpss 
of Subroutine 
(Low 
Order 
Byte) 


JMP 
1 
1 
Op Code 
Address 
1 
Op Code 


3 
2 
1 
Op Code 
Address 
+ 1 
1 
Jump 
Address 
(High 
Order 
Byte) 


3 
1 
Op Code 
Address 
+ 2 
1 
Jump 
Address 
(Low 
Order 
By tel 


ADC 
EDR 
1 
1 
Op Code 
Address 
1 
Op Code 


ADD 
LOA 
2 
1 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High 
Order 
Byte) 
AND 
ORA 
4 
BIT 
SBC 
3 
1 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


CMP 
sua 
4 
1 
Address 
of Operand 
1 
Operand 
Data 


CPX 
1 
1 
Op Code 
Address 
1 
Op Code 


LOS 
2 
1 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(HIgh 
Order 
Byte) 
LOX 


5 
3 
1 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
I Low 
Order 
Byte) 


4 
1 
Address 
of Operand 
1 
Operand 
Data 
(High 
Order 
Byte) 


5 
1 
Address 
of Operand 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STA 
A 
1 
1 
Op Code 
Address 
1 
Op Code 


STA B 
2 
1 
Op Code 
Address 
+ 1 
1 
Destination 
Address 
(High 
Order 
Byte) 


5 
3 
1 
Op Code 
Address 
+ 2 
1 
Destination 
Address 
(Low 
Order 
Byte) 


4 
0 
Operand 
DestInation 
Address 
1 
Irrelevant 
Data 
(Note 
1) 


5 
1 
Operand 
Destination 
Address 
0 
Data 
from 
Accumulator 


ASL 
LSR 
1 
1 
Op Code 
Address 
1 
Op Code 


ASR 
NEG 
2 
1 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High 
Order 
Byte) 
CLR 
ROL 
COM 
ROR 
6 
3 
1 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


DEC 
TST 
4 
1 
Address 
of Operand 
1 
Current 
Operand 
Data 
INC 
5 
0 
Address 
of Operand 
1 
Irrelevant 
Data 
(Note 
11 


6 
1/0 
Address 
of Operand 
0 
New Operand 
Data 
(Note 
2) 


(Note 


21 


Note 
1. 
If device 
which 
is addressed 
during 
this cycle 
uses VMA. 
then 
the 
Data 
Bus will 
go to the high 
impedance 
three-state 
condition. 


Depending 
on bus capacitance. 
data from 
the previous 
cycle 
may 
be retained 
on the 
Data 
Bus. 


Note 
2. 
For 
TST. 
VMA 
= 0 and Operand 
data 
does not 
change. 
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PC 
Instr. 


Offset 


(PC + 2) 
Next 
Instr. 


TABLE 
10 - 
RELATIVE 
MODE 
CYCLE-BY-CYCLE 
OPERATION 


RM 
Line 


BCC 
BHI 
BNE 
1 
1 
Op Code Address 
1 
Op Code 
BCS 
BLE 
BPL 
2 
1 
Op Code Address 
+ 1 
1 
Branch 
Offset 
BEa 
BLS 
BRA 
4 
BGE 
BLT 
BVC 
3 
0 
Op Code Address 
+ 2 
1 
Irrelevant 
Data 
(Note 
1) 
BGT 
BMI 
BVS 
4 
0 
Branch 
Address 
1 
Irrelevant 
Data 
(Note 
1) 


BSR 
1 
1 
Op Code Address 
1 
Op Code 


2 
1 
Op Code Address 
+ 1 
1 
Branch 
Offset 


3 
0 
Return 
Address 
of Main Program 
1 
Irrelevant 
Data 
(Note 
1) 


8 
4 
1 
Stack 
Pointer 
0 
Return 
Address 
(Low Order 
Byte) 


5 
1 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 


6 
0 
Stack 
Pointer 
- 
2 
1 
Irrelevant 
Data (Note 
1) 


7 
0 
Return 
Address 
of Main Program 
1 
Irrelevant 
Data 
(Note 
1) 


8 
0 
Subroutine 
Address 
1 
Irrelevant 
Data 
(Note 
1) 
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TABLE 
11 - 
INDEXED 
MODE CYCLE-BY-CYCLE 


R 
Line 


JMP 
1 
1 
Op Code Address 
1 
Op Code 


4 
2 
1 
Op Code Address + 1 
1 
Offset 
3 
0 
Index Register 
1 
Irrelevant 
Data 
INote 
1) 


4 
0 
Index Register Plus Offset (w/o 
Carry) 
1 
Irrelevant 
Data (Note 
1) 


ADC 
EOR 
1 
1 
Op Code 
Address 
1 
Op Code 
AOD 
LOA 
2 
1 
Op Code 
Address 
+ 1 
1 
Offset 
AND 
ORA 
BIT 
SBC 
5 
3 
0 
Index Register 
1 
Irrelevant Data (Note 1) 


CMP 
SUB 
4 
0 
Index Register Plus Offset (w/o 
Carry) 
1 
Irrelevant Data (Note 1) 


5 
1 
Index Register Plus Offset 
1 
Operand 
Data 


CPX 
1 
1 
Op Code Address 
1 
Op Code 
LOS 
2 
1 
Op Code Address + 1 
1 
Offset 
LOX 
6 
3 
0 
Index Aegister 
1 
Irrelevant Data (Note 1) 


4 
0 
Index Register Plus Offset (wio Carry) 
1 
Irrelevant Data (Note 1) 


5 
1 
Index Register Plus Offset 
1 
Operand Data (High Order Byte) 


6 
1 
Index Aegister Plus Offset + 1 
1 
Operand Data (Low Order Byte) 


STA 
1 
1 
Op Code Address 
1 
Op Code 


2 
1 
Op Code Address 
+ 1 
1 
Offset 


6 
3 
0 
Index Register 
1 
Irrelevant Data (Note 1) 


4 
0 
Index 
Register 
Plus Offset 
(w/o 
Carry) 
1 
Irrelevant Data (Note 1) 
5 
0 
Index Register Plus Offset 
, 
Irrelevant Data (Note 1) 
6 
, 
Index Register Plus Offset 
0 
Operand Data 


ASL 
LSR 
1 
1 
Op Code Address 
1 
Op Code 
ASR 
NEG 
2 
1 
Op Code Address + 1 
1 
Offset 
CLR 
ROL 
COM 
ROR 
7 
3 
0 
Index Register 
1 
Irrelevant Data (Note 1) 
DEC 
TST 
4 
0 
Index Register Plus Offset (w/o 
Carry) 
1 
Irrelevant Data (Note 1) 
INC 
5 
1 
Index Register Plus Offset 
1 
Current Operand Data 
6 
0 
Index Register Plus Offset 
1 
Irrelevant Data (Note 1) 


7 
1/0 
Index Register Plus Offset 
0 
New Operand Data (Note 2) 


lNote 
21 


STS 
1 
1 
Op Code Address 
1 
Op Code 
STX 
2 
1 
Op Code Address + 1 
, 
Offset 


7 
3 
0 
Index Register 
1 
Irrelevant Data (Note 1) 


4 
0 
Index Register Plus Offset (w/o 
Carry) 
1 
Irrelevant Data (Note 1) 


5 
0 
Index Register Plus Offset 
1 
Irrelevant Data (Note 1) 


6 
1 
Index Register Plus Offset 
0 
Operand Data (High Order Byte) 


7 
1 
Index Register Plus Offset + 1 
0 
Operand Data (Low Order Byte) 


JSR 
1 
1 
Op Code Address 
1 
Op Code 


2 
1 
Op Code Address + 1 
1 
Offset 
3 
0 
Index Register 
1 
Irrelevant Data (Note 1) 


- 
8 
4 
1 
Stack Pointer 
0 
Return Address (Low Order Byte) 


5 
1 
Stack Pointer - 
1 
0 
Return Address (High Order Byte) 
6 
0 
Stack Pointer - 
2 
1 
Irrelevant Data (Note 11 


7 
0 
Index Register 
1 
Irrelevant Data (Note 11 


B 
0 
Index R""i.ter 
Plu. Offset 
lw/o 
Cerry) 
1 
Irrelevant Data (Note 11 


Note 1. 
If device which is addressed during this cycle usesVMA, then the Data Bus will go to the high impedance three·state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data BUI. 


Note 2. 
For TST. VMA 
: 0 and Operend deta do •• not change. 
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Package 
Type 
Frequency 
(MHz) 
Temperature 
Order 
Number 


Cerdip 
1.0 
O·C to 70·C 
MC6800S 


S Suffix 
1.0 
- 40·C 
to 85·C 
MC6800CS 


1.5 
O·C to 70·C 
MC68AOOS 


1.5 
- 40·C 
to 85·C 
MC68AOOCS 


2.0 
O·C to 70·C 
MC68BOOS 


Plastic 
1.0 
O·C to 70·C 
MC6800P 


P Suffix 
1.0 
- 40·C 
to 85·C 
MC6800CP 


1.5 
O·C to 70·C 
MC68AOOP 


1.5 
- 40·C 
to 85·C 
MC68AOOCP 


2.0 
O·C to 70·C 
MC68BOOP 


PIN ASSIGNMENT 
• 


VSS 
RESET 


39 
TSC 


38 
N.C. 


3/ 
~2 


36 
DBE 


3, 
N.C. 


34 
R/IN 


VCC 
33 
DO 


AO 
9 
32 
DI 


Al 
10 
31 
D2 


A2 
11 
30 
D3 


A3 
12 
29 
D4 


A4 
13 
28 
D5 


A5 
14 
27 
D6 


A6 
15 
26 
D7 


A7 
16 
25 
AI5 


A8 
~7 
24 
A14 


A9 
18 
23 
AI3 


AIO 
19 
22 
AI2 


All 
20 
21 
VSS 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Microcontroller/Microprocessor (MCU/MPU) 


The MC6801 is an 8-bit single-chip 
microcontroller 
unit (MCU) which 
significantly 
enhances 
the 
capabilities 
of the M6800 Family of parts. It includes 
an upgraded 
M6800 microprocessor 
unit 


(MPU) with 
upward-source 
and object-code 
compatibility. 
Execution 
times of key instructions 
have 
been improved 
and several new instructions 
have been added including 
an unsigned 
multiply. 
The 
MCU can function 
as a monolithic 
microcontroller 
or can be expanded 
to a 64K byte address 
space. 


It is TTL compatible 
and requires 
one + 5-volt power 
supply. 
On-chip 
resources 
include 
2048 bytes 
of ROM, 128 bytes of RAM, a serial communications 
interface 
(SCIL parallel 
I 0, and a three-func- 


tion programmable 
timer. 
The MC6803 can be considered 
as an MC6801 operating 
in modes 
2 or 3. 
An EPROM version 
of the MC6801, the MC68701 microcontroller, 
is available 
for systems 
develop- 


ment. The MC68701 is pin and code compatible 
with the MC6801/MC6803 
and can be used to emu- 
late the MC6801/MC6803. 
The MC68701 is described 
in a separate 
Advanced 
Information 
publication. 


• 
Enhanced 
MC6800 Instruction 
Set 


• 
8 x 8 Multiply 
Instruction 


• 
Serial Communications 
Interface 
(SCll 


• 
Upward 
Source and Object Code Compatibility 
with the M6800 


• 
16-Bit Three-Function 
Programmable 
Timer 


• 
Single-Chip 
or Expanded 
Operation 
to 64K Byte Address 
Space 


• 
Bus Compatibility 
with the M6800 Family 


• 
2048 Bytes of ROM (MC6801 Only) 


• 
128 Bytes of RAM 


• 
64 Bytes of RAM Retainable 
During 
Powerdown 


• 
29 Parallel 
1/0 and Two Handshake 
Control 
Lines 


• 
Internal 
Cloc~ Generator 
with 
Divide-by-Four 
Output 


• 
- 40 to 85°C Temperature 
Range 


MC6801 
MC6803 
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Expanded 
Multiplexed 
Ir== Expanded Non-MulHplexed 
I" SmgleChlp 


P37 
A7ID7 
D7 
110 
P20 


P36 
A6/D6 
D6 
110 
P21 


P35 
A51D5 
D5 
110 
P22 


P34 
A4/D4 
D4 
110 
P23 


P33 
A3/D3 
D3 
110 
P24 


P32 
A2ID2 
D2 
110 
rnm 


P31 
Al/Dl 
Dl 
110 


P3D 
AO/DO 
DO 
110 


SC2 
R/IN 
RIIN <m 
SCI 
AS 
im ~ 


P47 
A15 
A7 
110 
PlO • 


P46 
A14 
A6 
110 
Pll 


P45 
A13 
A5 
110 
P12 


P44 
A12 
A4 
110 
P13 


P43 
All 
A3 
110 
P14 
P42 
AIO 
A2 
110 
P15 


P41 
A9 
Al 
110 
P16 


P40 
AS 
AO 
110 
PI7 


The average 
chip-junction 
temperature, 
Tj, 
in °c can be obtained 
from: 


Tj=TA+(PDOSjA) 


where: 


TA 
SjA 
PD 
PINT 
PPORT 


= Ambient 
Temperature, 
°c 
= Package 
Thermal 
Resistance, 
junction-to-Ambient, 
°C/W 


= PINT+ 
PPORT 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 
= Port Power 
Dissipation, 
Watts 
- 
User 
Determined 


For most applications 
PPORT<PINTand 
can be neglected. 
PPORT may become 
significant 
if the device 
is configured 
to drive 
Darlington 
bases or sink 
LED loads. 
An approximate 
relationship 
between 
Po and Tj 
(if PPORT is neglected) 
is: 


PO= K.;. (Tj + 273°C) 
(2) 


Solving 
equations 
(1) and (2) for 
K gives: 


K = Po 
0 (TA + 273°C) + SjAOP02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. 
K can be determined 
from 
equation 
(3) by measuring 
Po (at 
equilibrium) 
for 
a known 
TA' Using 
this 
value 
of K, the values 
of Po and Tj 
can be obtained 
by solving 
equations 
(1) and (2) iteratively 
for any value 
of TA 
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Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3 
to + 7.0 
V 


Operating Temperature 
Range 
TA 
TL to TH 
"C 


MC6801, MC6803 
o to 70 
MC6801C, MC6803C 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-55 
to + 150 
C 


This device contains circuitry 
to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal 
precautions 
be taken to avoid 
application 
of any voltage higher than max- 
imum rated voltages to this high-impedance 
circuit. 
For 
proper 
operation 
it 
is 
recom- 


mended the Vin and Vout be constrained to 
the range VSS '" (Vin or Vout) '" VCC· Input 
protection 
is enhanced 
by connecting 
un- 
used inputs to either VDD or VSS· 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
HJA 
C/W 


Plastic 
50 
Cerdip 
50 


MC6801 
MC6801-1 
MC68BOl 
Characteristic 
Symbol 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


Frequency of Operation 
fo 
0.5 
1.0 
0.5 
1.25 
0.5 
2.0 
MHz 


Crystal Frequency 
fXTAL 
2.0 
4.0 
2.0 
5.0 
2.0 
8.0 
MHz 


External 
Oscillator 
Frequency 
4fo 
2.0 
4.0 
2.0 
5.0 
2.0 
8.0 
MHz 


Crystal Oscillator Start Up Time 
trc 
- 
100 
- 
100 
- 
100 
ms 


Processor 
Control 
Setup 
Time 
tpcs 
200 
- 
170 
- 
110 
- 
ns 


MC6801 
MC6801C 


Characteristic 
Symbol 
MC6803 
MC6803C 
Unit 
Min 
Max 
Min 
Max 


Input High Voltage 
RESET 
VIH 
VSS+4.0 
VCC 
VSS+4.0 
VCC 
V 
Other Inputs 
VSS+2.0 
VCC 
VSS+2.2 
VCC 


Input Low Voltage 
All Inputs 
VIL 
VSS-0.3 
VSS+0.8 
VSS-0.3 
VSS +0.8 
V 


Input Load Current 
Port 4 
lin 
- 
0.5 
- 
0.8 
mA 
(Vin = 0 to 2.4 VI 
SCl 
- 
0.8 
- 
1.0 


Input Leakage Current 
NMI. IRQ1, RESET 


lin 
fLA 


(Vin = 0 to 5.25 VI 
- 
2.5 
- 
5.0 


Hi-Z (Off Statellnput 
Current 


(Vin = 0.5 to 2.4 VI 
Ports 1, 2, and 3 
ITSI 
- 
10 
- 
20 
fLA 


Output High Voltage 
VOH 
V 
(ILoad = - 65 I'-A, VCC= Mini' 
Port 4, SC1, SC2 
VSS + 2.4 
- 
VSS+2.4 
- 
IILoad= 
- 100 I'-A, Vcc=Min) 
Other Outputs 
VSS +2.4 
- 
VSS+2.4 
- 


Output Low Voltage 
VOL 
V 


(ILoad = 2.0 mA, VCC= Min) 
All outputs 
- 
VSS+0.5 
- 
VSS+0.6 


Darlington 
Drive Current (VO= 1.5 VI 
Port 1 
IOH 
1.0 
4.0 
1.0 
5.0 
mA 


Internal 
Power 
Dissipation 
PINT 
- 
1200 
- 
1500 
mW 
(Measured at TA = TL in Steady-State Operation) 


Input Capacitance 
Port 3, Port 4, SCl 
Cin 
- 
12.5 
- 
12.5 
pF 


(Vin = 0, TA = 25"C, fo = 1.0 MHz) 
Other Inputs 
- 
10 
- 
10 


VCC Standby 
Powerdown 
VSBB 
4.0 
5.25 
4.0 
5.25 
V 
Powerup 
VSB 
4.75 
5.25 
4.75 
5.25 


Standby Current 
Powerdown 
ISBB 
- 
6.0 
- 
80 
mA 
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MC6801 
MC6801-1 
MC68B01 


Characteristic 
Symbol 
MC6803 
MC6803-1 
MC68B03 
Unit 


Min 
Max 
Min 
Max 
Min 
Max 


Peripheral Data Setup Time 
tpDSU 
200 
- 
200 
- 
100 
- 
ns 


Peripheral Data Hold Time 
tpDH 
200 
- 
200 
- 
100 
- 
ns 


Delay Time, Enable Positive Transition 
to OS3 Negative 
tOSDl 
- 
350 
- 
350 
- 
250 
ns 
Transition 


Delay Time, Enable Positive Transition to OS3 Positive 
tOSD2 
- 
350 
- 
350 
- 
250 
ns 
Transition 


Delay Time, Enable Negative Transition to Peripheral Data Valid 
tpWD 
- 
350 
- 
350 
- 
250 
ns 


Delay Time, Enable Negative Transition 
to Peripheral 
tCMOS 
- 
2.0 
- 
2.0 
- 
2.0 
flS 
CMOS Data Valid 


Input Strobe Pulse Width 
tpWIS 
200 
- 
200 
- 
100 
- 
ns 


Input Data Hold Time 
tlH 
50 
- 
50 
- 
30 
- 
ns 


Input Data Setup Time 
liS 
20 
- 
20 
- 
20 
- 
ns 


r MPUWrite 
~!0tt~:~ 
.' 
---0.7VCC 


P10·P17 
P20-P24 
P40-P47 
Inputs 


NOTES: 


, 
10 k pullup resistor requIred for port 2 to reach 0.7 VCe- 


2 Not apphcableto P2l 
3. Port 4 cannot be pulled above VCC 


II 
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MC6801 
MC6801-1 
MC68BOl 


Ident. 
Characteristics 
Symbol 
MC6803 
MC6803-1 
MC68B03 
Unit 
Number 
Min 
Max 
Min 
Max 
Min 
Max 


1 
Cycle Time 
leve 
1.0 
2.0 
0.8 
2.0 
0.5 
2.0 
flS 


2 
Pulse Width. E Low 
PWEL 
430 
1000 
360 
1000 
210 
1000 
ns 


3 
Pulse Width. E High 
PWFH 
450 
1000 
360 
1000 
220 
1000 
ns 


4 
Clock Rise and Fall Time 
Ir.tf 
- 
25 
- 
25 
- 
20 
ns 


9 
Address Hold Time 
IAH 
20 
- 
20 
- 
10 
- 
ns 


12 
Non-Muxed Address Valid Time 10 E" 
tAV 
200 
- 
150 
- 
70 
- 
ns 


17 
Read Data Setup Time 
tDsR 
80 
- 
70 
- 
40 
- 
ns 


18 
Read Data Hold Time 
IDHR 
10 
- 
10 
- 
10 
- 
ns 


19 
Wrile Data Delay Time 
IDDW 
- 
225 
- 
200 
- 
120 
ns 


21 
Write Dala Hold Time 
IDHW 
20 
- 
20 
- 
10 
- 
ns 


22 
Muxed Address Valid Time to E Rise" 
tAVM 
200 
- 
150 
- 
80 
- 
ns 


24 
Muxed Address Valid Time to AS Fall" 
tASL 
60 
- 
50 
- 
20 
- 
ns 


25 
Muxed Address Hold Time 
IAHL 
20 
- 
20 
- 
10 
- 
ns 


26 
Delay time. E to AS Rise" 
IASD 
90** 
- 
70·· 
- 
45** 
- 
ns 


27 
Pulse Width. AS High" 
PWASH 
220 
- 
170 
- 
110 
- 
ns 


28 
Delay Time. AS 10 E Rise" 
tASED 
90 
- 
70 
- 
45 
- 
ns 


29 
Usable Access Time" 
tAfT 
595 
- 
465 
- 
270 
- 
ns 


•At specified cycle lime. 
·*tASD 
parameters 
listed 
assume 
external 
TIL 
clock drive 
with 
50% 
:::5% duty 
cycle. 
Devices 
driven 
by an external 
TIL 
clock with 
50~. '" 1% dUly cycle or which use a crystal have the following 
IASD specificalions: 
100 nanoseconds minimum 
(1.0 MHz devices!. 


80 nanoseconds minimum 
11.25 MHz device). 50 nanoseconds minimum 
(2.0 MHz devices). 


IOS. 


R/W. Address 
INon·Muxed) 


NOTES: 


1. Voltage 
levels shown are VLsO.5 
V, VH~2.4 
V, unless otherwise 
specified. 


2. Measurement 
points shown are 0.8 V and 2.0 V. unless otherwise 
specified 
3 Usable access time is computed by: 12+3- 
17+4. 


4. Memory 
devices should be enabled 
only during E high to avoid port 3 bus contention. 
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t~PF 


VCC 
trl 


ALI.akO 


Test Point 
MMD6150 


or Equivalent 


C 
A 
MMD7000 


or Equivalent 


-= 
-= 
C=90 pF for P30-P37,P40-P47,E, SC1, SC2 


=~ 
pF for P10-P17,P20-P24 
A=37 kO for P40-P47,SC1, SC2 
=24 kO for P1D-P17,P20-P24 
=24 kO for P~P37, 
E 


The MC6801 is an B-bit monolithic 
microcomputer 
which 
can be configured 
to function 
in a wide variety of applica- 


tions. The facility which provides this extraordinary 
flexibility 
is its ability to be hardware 
programmed 
into eight different 
operating 
modes. 
The operating 
mode 
controls 
the con- 


figuration 
of 
18 of 
the 
40 
MCU 
pins, 
available 
on-chip 
resources, memory map, location (internal or external) of in- 
terrupt 
vectors, 
and type of external bus. The configuration 
of the remaining 
22 pins is not dependent 
on the operating 
mode. 


Twenty-nine 
pins are organized 
as three 8-bit ports and 
one 5-bit port. 
Each port consists 
of at least a data register 
and a write-only 
data direction 
register. 
The data direction 


register is used to define whether 
corresponding 
bits in the 
data register 
are configured 
as an input 
(clear) or output 
(setl. 


The term "port," 
by itself, 
refers to all of the hardware 
associated with the port. When the port is used as a "data 
port" 
or "I/O 
port," 
it is controlled 
by the port data direction 
register and the programmer 
has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies 
one of four ports and j indicates 
the par- 


ticular bit. 
The microprocessor 
unit (MPUI 
is an enhanced 
MC6800 
M PU with additional capabilities and greater throughput. 
It is 
upward 
source 
and 
object 
code 
compatible 
with 
the 
MC6800. The programming 
model is depicted 
in Figure 9, 


where accumulator 
D is a concatenation 
of accumulators 
A 
and 8. A list of new operations 
added to the M6800 instruc- 


tion set are shown in Table 1. 


The MC6803 can be considered an MC6801 that operates 
in Modes 2 and 3 only. 
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~ 
A 
0U 7 
B 
~ 
8-Bit 
Accumulators 
A and B 
~ - 
- 
- 
-- 
-- 
- 
- 
D 
- 
- 
-- 
-- 
- 
- 
- 
; 
Or 16-Bit 
Double 
Accumulator 
D 


01 Index 
Register 
IXI 


01 Stack 
Pointer 
ISPI 


01 Program 
Counter 
(PCI 


Carry/Borrow 
from MSB 


Overflow 


Zero 


Negative 


Interrupt 
Half Carry 
(From 
Bit 31 


The MC6801 provides eight different 
operating 
modes 10 
through 71and the MC6803 provides two operating modes 12 
and 31. The operating 
modes are hardware 
selectable and 
determine the device memory map, the configuration 
of port 
3, port 4, SC1, SC2, and the physical location 
of the inter- 


rupt vectors. 


expanded 
multiplexed 
modes. Table 2 summarizes 
the char- 


acteristics 
of the operating 
modes. 


FUNDAMENTAL 
MODES 


The eight operating 
modes can be grouped into three fun- 


damental 
modes which 
refer to the type of bus it supports: 


single 
chip, 
expanded 
non-multiplexed, 
and 
expanded 
multiplexed. 
Single-chip 
modes include 4 and 7, expanded 
non-multiplexed 
mode is 5, and the remaining five modes are 


MC6801 Single-Chip 
Modes 14, 7) 


In the single-chip 
mode, 
the four 
MCU 
ports 
are con- 
figured 
as parallel 
input/ output 
data 
ports, 
as shown 
in 
Figure 
10. The MCU functions 
as a monolithic 
microcom- 


puter in these two 
modes without 
external 
address or data 
buses. A maximum 
of 29 I/O lines and two 
port 3 control 


lines are provided. 
Peripherals or another 
MCU can be inter- 
faced to port 3 in a loosely coupled dual processor configura- 
tion, as shown in Figure 11. 


Instruction 
Description 


ABX 
Unsigned 
addition 
of accumulator 
B to index 
register 
ADDD 
Adds (without 
carry) the double accumulator 
to memory 
and leaves the sum in the double accumulator 
ASLD 
or LSLD 
Shifts 
the double 
accumulator 
left (towards 
MSBI 
one bit: 
the LSB is cleared 
and the MSB 
is shifted 
into 
the C bit 
BHS 
Branch if higher or same; unsigned conditional 
branch (same as Bee) 
BLO 
Branch if lower; unsigned conditional 
branch (same as SCSI 


BRN 
Branch 
never 
JSR 
Additional 
addressing 
mode: 
direct 
LDD 
Loads double accumulator 
from memory 


LSL 
Shifts 
memory 
or accumulator 
left (towards 
MS81 
one bit: 
the LSB is cleared 
and the MSB 
is shifted 
into 
the C bit 
(same as ASLI 
LSRD 
Shifts 
the double 
accumulator 
right 
Itowards 
LS81 one bit; 
the MSB 
is cleared 
and the LSB is shifted 
into 
the C bit 
MUL 
Unsigned 
multiply; 
multiplies the two accumulators 
and leaves the product 
in the double accumulator 
PSHX 
Pushes the index register to stack 


PULX 
Pulls the index register from stack 
STD 
Stores the double accumulator 
to memory 


SUBD 
Subtracts 
memory 
from the double accumulator 
and leaves the difference 
in the double accumulator 
CPX 
Internal 
processing modified 
to permit its use with any conditional 
branch instruction 
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In single-chip 
test mode 14), the RAM responds to $XX80 


through 
$XXFF and the ROM is removed 
from the internal 


address map. A test program 
must first be loaded into the 


RAM using modes 0, 1,2, 
or 6. If the MCU is reset and then 
programmed 
into 
mode 
4, 
execution 
will 
begin 
at 


$XXFE:XXFF. 
Mode 5 can be irreversibly entered from mode 


4 without 
asserting RESET by setting bit 5 of the port 2 data 


register. 
This mode is used primarily to test ports 3 and 4 in 
the single-chip 
and non-multiplexed 
modes. 


MC6801 Expanded Non-Multiplexed 
Mode (51 


A modest amount of external memory space is provided in 


the expanded 
non-multiplexed 
mode while 
significant 
on- 


chip 
resources 
are retained. 
Port 3 functions 
as an B-bit 


bidirectional 
data bus and port 4 is configured 
initially as an 
input data port. Any combination 
of the eight least-signifi- 
cant address lines may be obtained 
by writing 
to the port 4 
data direction 
register. Stated alternatively, 
any combination 


of AO to A7 may be provided while retaining the remainder as 
input data lines. Internal pullup resistors pull the port 4 lines 
high until the port is configured. 


Figure 12 illustrates 
a typical system configuration 
in the 
expanded 
non-multiplexed 
mode. 
The 
MCU 
interfaces 
directly with M6800 Family parts and can access 256 bytes of 
external address space at $100 through 
$1FF. 10S provides 
an address decode of external memory l$loo-$1FFI 
and can 


be used as a memory-page 
select or chip-select 
line. 


Common 
to all Modes: 


Reserved 
Register 
Area 
Port 1 
Port 2 
Programmable 
Timer 
Serial Communications 
Interface 


Single 
Chip 
Moda 
7 
128 bytes 
of RAM; 
2048 bytes 
of ROM 
Port 3 is a parallel 1/0 
port with two control 
lines 
Port 4 is a parallel 
I/O 
port 
SCI 
,s Input 
Strobe 
3 IIS31 
SC2 ,s Output 
Strobe 
3 IOS31 


Expanded 
Non-Mukiplexed 
Mode 
5 
128 bytes 
of RAM; 
2048 bytes of ROM 


256 bytes 
of external 
memory 
space 


Port 3 is an 8-blt 
data bus 


Port 4 is an input 
port/ address 
bus 
SCt 
is Input/Output 
Select 
IIOSI 
SC2 is Read/Write 
IR/W) 


Expanded 
Mukiplexed 
Modes 
" 
2, 3, 6" 
Four memory 
space options 
(64K address 
spacel· 


III 
No internal 
RAM 
or ROM (Mode 
31 
121 Internal 
RAM, 
no ROM IMode 
21 
131 Internal 
RAM 
and ROM IMode 
II 
141 Internal 
RAM, 
ROM with 
partial 
address 
bus IMode 
61 


Port 3 is a multiplexed 
addressl 
data bus 


Port 4 is an address 
bus (inputs! 
address 
in Mode 
61 
SCt 
is Address 
Strobe 
IASI 
SC2 is Read/Write 
IR/WI 


Test Mod •• 
0 and 4 
Expanded 
Multiplexed 
Test Mode 
0 


May be used to test RAM 
and ROM 


Single 
Chip and Non-Multiplexed 
Test Mode 
4 


111 May be changed 
to Mode 
5 WIthout 
going 
through 
Reset 


121 May be used to test Ports 3 and 4 as I/O 
ports 


• 
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Port 2 
51/0 
Lines 
Serf. 
I 110 
16-811 Timer 


Port 3 
8 I/O 
Lines 
iS3 
em 


Port 2 


5 lID 
Lines 
Seflall/O 


16-811 Timer 


• 


Port 1 
81/0 
Lmes 


Port 
1 
81/0 
Lines 


Port 2 
5 lID 
Lones 


SCI 


16-811 Timer 


Port 4 
81/0 
Lines 


FIGURE 
12 - 
EXPANDED 
NON-MULTIPLEXED 
CONFIGURATION 


VCC 


Port 
3 
8 Data 
Lines 


R/W 


IDS 


I 
~ 
XTAL 
Port3 
8 
~ 


Port 4 
8 


EXTAL 
~ 
ndby_ 
R/iN 
'- 


MCB801 
E 


NMI_ 
iROi- 


L 
.. 


•• 
~ 
.. 


....- 
-,.. 


..~ 


VSS 


RAM 
PIA 
ACIA 


(DO-D7) 
(AO-A7) 
IDS 
R/W 
E 


Port 
2 
5 lID 


SCI 


Timer 


Expanded-Multiplex 
Modes (0, 1, 2, 3, 61 


A 64K 
byte 
memory 
space 
is provided 
in the 
ex- 


panded-multiplex 
modes. In each of the expanded-mul- 


tiplexed 
modes 
port 3 functions 
as a time 
multiplexed 
address/data 
bus with 
address 
valid 
on the 
negative 
edge of address 
strobe 
(AS). and data valid 
while 
E is 
high. In modes 0 to 3, port 4 provides 
address 
lines A8 
to A 15. In mode 6. however. 
port 4 initially 
is configured 
at RESET as an input data port. The port 4 data direction 
register 
can then 
be changed 
to provide 
any combi- 
nation 
of address 
lines, A8 to A 15. Stated alternatively, 


any subset of A8 to A 15 can be provided 
while 
retaining 
the remaining 
port 4 lines as input 
data lines. Internal 
pullup 
resistors 
pull the port 4 lines high until software 
configures 
the port. 


In mode 0, the reset vector 
is external 
for the first two 
E cycles after the positive 
edge of RESET, and internal 
thereafter. 
In addition, 
the 
internal 
and external 
data 
buses are connected 
so there must be no memory 
map 
overlap 
in order 
to avoid 
potential 
bus conflicts. 
Mode 
o is used primarily 
to verify 
the ROM pattern 
and mon- 
itor the internal 
data bus with the automated 
test equip- 


ment. 


Only 
the 
MC6801 
can 
operate 
in each 
of 
the 
ex- 


panded-multiplexed 
modes. The MC6803 operates 
only 
in modes 
2 and 3. 


Figure 
13 depicts 
a typical 
configuration 
for the ex- 


panded-multiplexed 
modes. Address strobe can be used 
to 
control 
a transparent 
D-type 
latch 
to 
capture 
ad- 
dresses AO-A7, as shown 
in Figure 14. This allows 
port 
3 to function 
as a data bus when 
E is high. 


PROGRAMMING THE MODE 


The operating 
mode 
is determined 
at RESET by the 
levels asserted 
on P22. P21, and P20. These levels are 
latched 
into PC2, PC1, and PCOof the program 
control 
register 
on the positive 
edge of RESET. The operating 
mode 
may 
be read from 
the 
port 
2 data 
register 
as 


shown below, and programming 
levels and timing 
must 
be met 
as shown 
in Figure 
15. A brief 
outline 
of the 
operating 
modes is shown in Table 3. Note that if diodes 


are used to program 
the mode, the diode forward 
volt- 


age drop 
must not exceed the VMPDD minimum. 


Circuitry 
to provide 
the 
programming 
levels 
is de- 


pendent 
primarily 
on the normal 
system 
usage of the 


three 
pins. If configured 
as outputs, 
the circuit 
shown 
• 
in Figure 16 may be used; otherwise. 
three-state 
buffers 


can be used to provide 
isolation 
while 
programming 


the mode. 


P22 
P21 
P20 
Interrupt 
Bus 
Operating 
Mode* 
PC2 
PCI 
pca 
ROM 
RAM 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single 
Chip 


6 
H 
H 
L 
I 
I 
I 
MUX(5.61 
Multiplexedl 
Partial 
Decode 


5 
H 
L 
H 
I 
I 
I 
NMUXI5.6l 
Non-Multiplexed/Partial 
Decode 


4 
H 
L 
L 
1121 
1111 
I 
I 
Single-Chip 
Test 


3 
L 
H 
H 
E 
E 
E 
MUXI41 
Multiplexed/No 
RAM 
or ROM 


2 
L 
H 
L 
E 
I 
E 
MUXl41 
Multiplexed/RAM 


1 
L 
L 
H 
I 
I 
E 
MUX(41 
Multiplexed/RAM 
and ROM 


0 
L 
L 
L 
I 
I 
1131 
MUXI41 
Multiplexed 
Test 


Legend: 
--r::Tnternal 


E - 
External 
MUX 
- 
Multiplexed 


NMUX 
- 
Non-Multiplexed 


L - 
Logic 
Zero 
H - 
Logic 
One 


NOTES: 
----nTifrternal 
RAM 
is addressed 
at $XXBO. 


(2) Internal 
ROM is disabled. 


(3) RESET vector 
is external 
for two 
cycles 
after 
RESET goes high. 


(4) Addresses 
associated 
with 
ports 
3 and 4 are considered 
external 
in modes 
0, 


1.2. 
and 3. 


(51 Addresses 
associated 
with 
port 
3 are considered 
external 
in modes 
5 and 6. 


(6) Port 4 default 
is user data input; 
address 
output 
is optional 
by writing 
to port 4 


data direction 
register. 
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FIGURE 13 - 
EXPANDED MULTIPLEXED CONFIGURATION 


VCC 


• 


Port 
1 
8 lID 
Lines 


Port 2 
5 lID 
Lines 
Serial 
110 


16-Bit 
Timer 


VSS 


VCC 


XTAL 


c::J 
8 


EXTAL 


VCC Standby 


RESET 
NMI 
MC6801 
R/IN 
16 
IR01 
MC6803 


Port 
1 


81/0 


Port 2 
SilO 
SCt 
Timer 


VSS 


Port 4 
8 Lines 
Address 
Bus 


Address 
Bus 
(AQ-AI5) 


R/IN 


1 I 
G 
DC 


D1 
01 


SN74LS373 
(Typical) 


D8 
08 
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SeeFigure 16 


lor~DIOdeArrangement 
VMPDD 
,..- - 


'" 
VMPL 


(P20, P21, P221 
, 
____ 
-,'" 
-r 
Mode 
Latch 
Jrrm 
I 
Level 


Characteristic 
Symbol 
Min 
Max 
Unit 
Mode Programming 
Input Voltage Low' 
(for TA ~ a to,70'C) 
VMPl 
- 
1,7 
V 
Mode Programming 
Input Voltage High 
VMPH 
4.0 
- 
V 


Mode Programming 
Diode Differential 
(If Diodes are Used) (for TA = a to 70'C) 
VMPDD 
0.4 
- 
V 
RESET Low Pulse Width 
PWRSTI 
3.0 
- 
E Cycles 
Mode Programming 
Setup Time 
tMPS 
2.0 
- 
E Cycles 


Mode Programming 
Hold Time 
tMPH 
a 
- 
ns 


RESET Rise Time ••l fLS 
lOa 
- 


RESET Rise Time<1 
fLs 


R2 
Rl 
Rl 
Rl 


FlEm 
6 


RESET 
8 
P20 
P20(PCOI 
9 
P21 
P21(PCll 


P22 
10 


P22{PC21 


NOTES: 


1, Mode 7 as shown 
2. R2' C = Reset time constant 
3. Rl = 10 k (typical) 
4. D= IN914, IN4001 in the a to 70'C range 


D = 1N270, MBD201 in the - 40 to 85'C range 


5, Diode Vf should not exceed VMPDD min. 


Mode 
Control 
Switches 


MEMORY 
MAPS 


The M6801 Family can provide 
up to 64K byte address 
space 
depending 
on the operating 
mode. 
A memory 
map for each operating 
mode 
is shown 
in Figure 
17. 


The first 32 locations 
of each map are reserved 
for the 
internal 
register 
area, as shown 
in Table 4, with excep- 
tions 
as indicated. 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-103 


$ססoo(1) 


$OOlF 


• 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
$04, $05, $06, $07, and $OF. 


2) Addresses 
$FFFE 
and 
$FFFF 
are 
considered 


~ 
if accessed 
within 
two 
cycles 
after 
a 
positive 
edge of RESET and internal 
at all other 
times. 


3) After 
two 
MPU 
cycles. 
there must be no over- 


lapping of internal and external 
memory 
spaces 
to avoid driving the data bus with more than one 
device. 


4) 
This mode 
is the only 
mode 
which 
may be used 
to examine the interrupt vectorS in internal ROM 
using an external 
RESET vector. 


MUltiplexed/RAM 
and ROM 


$ססoo111 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
$04, $05, $06, $07, and $OF. 


21 Internal 
ROM addresses 
$FFFO to $FFFF are not 
usable. 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-104 


SFFFO 


SFFFF 


MC6801 
MC6003 
Mode 2 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
S04, S05, S06, S07, and SOF. 


MC6801 
MC6803 
Mode 3 


Multiplexed/No 
RAM or ROM 


SOCOO(1) 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
S04, S05, S06, S07, and SOF. 


• 


4 


SOCOO 


SOO1F 


) 
Internal 
Registers 


SXX80 


SXXFF 
) 
Internal 
RAM 
Internal 
Interrupt 
Vectors 


NOTES: 
liThe 
internal 
ROM is disabled. 


21 Mode 4 may be changed 
to Mode 
5 without 
hav- 


ing to assert RESET 
by writing 
a one into the 
PCO bit of the port 2 data 
register. 


31 Addresses 
A8 to A 15 are treated 
as "don't 
cares" 


to decode internal RAM. 


41 Internal 
RAM 
will appear 
at SXX80 to SXXFF . 


5 
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$OOlF 


$OOFF 


$0100 


} 
Internal 
Registers 


Unusable 


} 
Internal 
RAM 


} 
External Memory 
Space 


} 


Internal 
ROM 


Internal Interrupt Vectors 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may not 
be used externally: 
$04, $06, and $OF Ino 10$1 


21 This 
mode 
may 
be 
entered 
without 
going 
through 
RESET 
by 
using 
mode 
4 and 
subse- 
quently 
writing 
a one into the peo bit of the port 


2 data 
register. 


31 Address 
lines AO to A7 will not contain 
addresses 
until the data 
direction 
register for port 4 has 
been written 
with 
ones in the appropriate 
bits. 
These address lines will assert ones until made 
outputs by writing the data direction 
register. 


• 


6 


$001 F 


$0080 


Internal 
Registers 


External Memory Space 


NOTES: 
11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
$04, $06, and $OF. 


21 Address 
lines A8-A 15 will 
not conta,n 
addresses 
until the 
data 
direction 
register 
for port 4 has 
been written 
with 
ones in the appropriate 
bits. 


These address lines will assert ones until made 
outputs by writing 
the data direction 
register. 


7 
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$OOlF 


} 
Internal 
Registers 


Unusable 


} 
Internal 
RAM 


} 


Internal 
ROM 


Internal Interrupt 
Vectors 


The 
M6801 
Family 
supports 
two 
types 
of 
interrupt 
re- 


quests: 
maskable and non-maskable. 
A non-maskable 
inter- 
rupt (NMIl 
is always recognized and acted upon at the com- 


pletion 
of the current 
instruction. 
Maskable 
interrupts 
are 
controlled 
by the condition 
code 
register 
I bit and by in- 


dividual 
enable 
bits. 
The I bit controls 
all maskable 
inter- 


rupts. Of the maskable interrupts, 
there are two types: IRQ1 
and IRQ2. The programmable 
timer and serial communica- 


tions interface 
use an internal 
IRQ2 interrupt 
line, as shown 
in Figure 1. External devices land IS3) use IRQ1. An IRQ1 in- 
terrupt 
is serviced before IRQ2 if both are pending. 


All IRQ2 interrupts 
use hardware 
prioritized 
vectors. 
The 
single SCI interrupt 
and three timer interrupts 
are serviced in 
a prioritized 
order and each is vectored 
to a separate loca- 


tion. All interrupt 
vector locations 
are shown 
in Table 5. 


The interrupt 
flowchart 
is depicted 
in Figure 
18 and is 
common 
to every interrupt 
excluding 
reset. During interrupt 


servicing 
the program 
counter, 
index 
register, 
A accumu- 


lator, B accumulator, 
and condition 
code register are pushed 
to the stack. The I bit is set to inhibit maskable interrupts 
and 


a vector 
is fetched 
corresponding 
to the current 
highest 
priority 
interrupt. 
The vector 
is transferred 
to the program 
counter 
and instruction 
execution 
is resumed. 
Interrupt 
and 


RESET timing 
are illustrated 
in Figures 19 and 20. 


VCC AND VSS 
VCC and VSS 
provide 
power 
to a large portion 
of the 


MCU. The power supply should provide + 5 volts (± 5%) to 
VCc. 
and 
VSS 
should 
be tied 
to 
ground. 
Total 
power 
dissipation 
(including 
VCC 
standby). 
will 
not 
exceed 
PD 


milliwatts. 


Vcc 
STANDBY 


VCC standby 
provides power to the standby 
portion 
1$80 


through 
$BF} of the RAM and the STBY PWR and RAME 
bits of the RAM control 
register. 
Voltage 
requirements 
de- 


pend on whether 
the device is in a powerup 
or powerdown 
state. In the powerup 
state, the power supply should provide 


+ 5 volts I ± 5%) and must reach VSB volts before RESET 
reaches 4.0 volts. During powerdown. 
VCC standby must re- 


main above VSBB 
(mini 
to sustain 
the standby 
RAM and 
STBY PWR bit. While in powerdown 
operation, 
the standby 


current 
will not exceed ISBB· 


It is typical to power both VCC and VCC standby from the 
same source during normal operation. 
A diode must be used 


between 
them to prevent 
supplying 
power 
to VCC during 
powerdown 
operation. 
VCC 
standby 
should 
be 
tied 
to 
ground 
in mode 3. 


Register 
Address 


Port 
1 Data 
Direction 
Register· 
.•.• 
00 
Port 2 Data 
Direction 
Register· 
* * 
01 


Port 
1 Data 
Register 
02 
Port 2 Data Register 
03 


Port 3 Data Direction 
Register·" 
.• 
04" 


Port 4 Data 
Direction 
Register·"" 
05* .• 


Port 3 Data 
Register 
06" 


Port 4 Data Register 
07* .• 


Timer 
Control 
and Status 
Register 
08 
Counter (High Bytel 
09 


Counter (Low Bytel 
OA 


Output Compare Register (High Bytel 
OB 


Output Compare Register (Low Bytel 
OC 


Input Capture Register IHigh Bytel 
00 
Input 
Capture 
Register 
(Low 
Byte) 
OE 
Port 3 Control 
and Status 
Register 
OF" 


Rate and Mode 
Control 
Register 
10 


Transmit/Receive 
Control 
and Status 
Register 
11 
Receive Data Register 
12 


Tran5mit 
Data 
Register 
13 


RAM 
Control 
Register 
14 
Reserved 
15·IF 


.• External 
addresses 
in modes O. 1, 2. 3. 5. and 6; cannot 
be ac- 


cessed in mode 5 (no 1051 


* * External 
addresses 
In modes 
O. '. 
2, and 3 


* * * 1= Output, 
0= Input 


MSB 
LSB 
Interrupt 


FFFE 
FFFF 
RESET 
FFFC 
FFFD 
NMI 
FFFA 
FFFB 
Software Interrupt ISWII 


FFFB 
FFF9 
IR01 lor 1531 


FFF6 
FFF7 
ICF (Input Capturel" 
FFF4 
FFF5 
OCF (Output Capturel" 
FFF2 
FFF3 
rOF 
lTimer 
Overflow) * 
FFFO 
FFFI 
SCIIRDRF+ ORFE+ TDREI" 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 
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• 


FFFC:FFFD 


FFFA:FFFB 


FFF8: FFF9 


FFF6: FFF7 


FFF4: FFF5 


FFF2: FFF3 


FFFO:FFFI 


Non-Maskable 
Interrupt 


Software 
Interrupt 


Maskable 
Interrupt 
Request 
, 


Input Capture 
Interrupt 


Output 
Compare 
Interrupt 


Timer Overflow 
Interrupt 


SCI 
Interrupt 
ITDRE 
+ RDRF + ORFEI 


FIGURE 19 - 
INTERRUPT SEQUENCE 


Last Instruction~ 


Cycle 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 


Internal 
Address 
Bus 


IRQl 


NMI or IRQ2 
\ 


~ 
!+-tpcs 


Internal 
Data 
Bus 


Op Code 
Op Code 
PC 0-7 
PC8-15 
X 0-7 
X 8-15 
ACCA 
ACCS 
CCR 
Irrelevant 
Data 


Internal 
R/W 
\ 
/ 


E .&\\\\~\\\\\\\'{~\\~ \\'®\\ L.Jl..J"1 
n..nsu- 


VCC h--~~~~~ 
/1 
tRc---------" 
~.~L__ 
tP_c_s 
~t,,~ 


RESET 
/ ,••. 
' 
~I ~ 
4 0 V 
08\~--------- 


S\\\\\%\\\\\\\\~ ~\\\\\\\\\\\\\\\\\\\\\\\\\\\~ 
/. 


FFFE 
FFFE 
&\\\\\\\\\\\\\\~ t\\\\\\\\\\\S\\\\ \\ \\\\\ \\\V 


&\\\S\\\\\\\\\\\\~tM\\\\\\\\\\\\\\\\\\\\\\\\\\~ 


• 


• 


XTAL AND EXTAL 


These two input pins interface 
either a crystal or TIl- 


compatible 
clock to the MCU internal 
clock generator. 


Divide-by-four 
circuitry 
is included 
which 
allows 
use of 
the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV 
crystals. 
A 20 pF capacitor 
should 
be tied 
from 
each 
crystal 
pin to ground 
to ensure 
reliable 
startup 
and op- 


eration. 
Alternatively, 
EXTAl 
may be driven 
by an ex- 


ternal 
TTl-compatible 
clock at 4fo with 
a duty cycle of 


50% (:t 5%) with 
XTAl 
connected 
to ground. 


The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode 
in the 
frequency 
range specified 
for 
fXTAl. 
The 
crystal should be mounted as close as possible to the input 
pins to minimize output 
distortion 
and startup stabilization 
time.' 
The MCU 
is compatible 
with 
most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 21. 


RESET 
This input is used to reset the internal state of the device 


and provide an orderly startup procedure. During powerup, 
RESET must be held below 0.8 volts: 111at least tRC after 
VCC reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and 121until VCC standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during powerup operation. 


E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 


tion. It is TTl 
compatible and is the slightly skewed divide- 


by-four 
result of the device input clock frequency. 
It will 
drive one Schottky TTl 
load and 90 pF, and all data given in 


cycles is referenced to this clock unless otherwise noted. 


NON-MASKABlE 
INTERRUPT (NMI) 


An NMI negative edge requests an MCU interrupt 
se- 


quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally. a vector is fetched from $FFFC and 
$FFFD, transferred to the program counter and instruction 
execution 
is resumed. 
NMI 
typically 
requires 
a 3.3 
kO 
Inominall 
resistor to VCc. 
There is no internal NMI pullup 
resistor. NMI must be held low for at least one E cycle to be 
recognized under all conditions. 


MASKABlE 
INTERRUPT REQUEST 1 ORQ1) 


IRQl is a level-sensitive input which can be used to re- 


quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (I bit! in the condition code register is clear, the 
MCU will begin an interrupt 
sequence. A vector is fetched 


from $FFF8 and $FFF9, transferred to the program counter, 
and instruction 
execution is resumed. 


IRQl 
typically 
requires 
an 
external 
3.3 
kO Inominall 
resistor to VCC for wire-OR applications. 
IRQl has no inter- 


nal pullup resistor. 


STROBE CONTROL 1 AND 2 (SCl AND SC2) 


The function 
of SCl and SC2 depends on the operating 
mode. SCl 
is configured 
as an output 
in all modes except 
single-chip 
mode, whereas SC2 is always an output. 
SCl 
and SC2 can drive one Schottky load and 90 pF. 


SCl and SC2 In Singl&-Chip Mode 
In single-chip mode, SCl and SC2 are configured 
as an 


input and output, 
respectively, and both function 
as port 3 
contrellines. 
SCl functions as IS3 and can be used to indi- 


cate that port 3 input data is ready or output data has been 
accepted. Three options associated with IS3 are controlled 
by port 3 control and status register and are discussed in the 
PORT 3 lP30-P37). If unused, IS3 can remain unconnected. 


SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge 
input data. It is controlled 
by out- 


put strobe select (OSSI 
in the port 3 contrel 
and status 


register. The strobe is generated by a read lOSS = 01or write 
lOSS = 1) to the port 3 data register. OS3 timing is shown in 
Figure 4 


SCl and SC2 In Expanded Non-Multiplexed 
Mode 


In the expanded 
non-multiplexed 
mode, both 
SCl 
and 
SC2 are configured as outputs. 
SCl functions as input/out- 


put select IIOSI and is asserted only when $0100 through 
$01FF is sensed on the internal address bus. 
SC2 is configured as read/write 
and is used to control the 
direction 
of data bus transfers. 
An M PU read is enabled 
when read/write 
and E are high. 


SCl and SC2 In Expanded-Multiplexed 
Mode 


In the expanded-multiplexed 
mode, both SCl and SC2 are 
configured as outputs. 
SCl functions as address strobe and 
can be used to demultiplex 
the eight least-significant 
ad- 


dresses and the data bus. A latch controlled 
by address 
strobe captures address on the negative edge, as shown in 
Figure 14. 


SC2 is configured as read/write 
and is used to control the 
direction 
of data bus transfers. 
An MPU read is enabled 
when read/write 
and E are high. 


PORT 1 (P1D-P17) 


Port 1 is a mode independent 8-bit I/O port with each line 
an input or output 
as defined by the port 1 data direction 


register. The TTl 
compatible three-state output buffers can 
drive one Schottky 
TTl 
load and 30 pF, Darlington 
tran- 
sistors, or CMOS devices using external pull up resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 


Port 2 is a mode-independent, 
5-bit, 
multi-purpose 
I/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P2l is configured 
as an out- 


put, it will be tied to the timer output compare function and 
cannot 
be used to provide 
output 
from 
the port 2 data 


register. 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-110 


3.58 MHz 
4.00 
MHz 
5.0 MHz 
6.0 MHz 
8.0 MHz 


RS 
600 
500 
30·50 0 
30·50 0 
20-400 


Co 
3.5 pF 
6.5 pF 
4·6 pF 
4·6 pF 
4·6 pF 


C1 
0.015 
pF 
0025 
pF 
0.01·0.02 
pF 
0.01·0.02 
pF 
001·0.02 
pF 


Q 
>40 
K 
>30 
K 
>20 
K 
>20 
K 
>20 
K 


101 


L1 


C1 
RS 


3 


Co 


EqUivalent 
Circuit 


NOTE 


TlL-compatible 
oscillators may be 
obtained 
from: 


Motorola 
Component 
Products 
A ttn: 
Data 
Clock 
Sales 
2553 N. Edgington 
St. 


Franklin 
Park. 
IL 60131 


Tel: 312-451·1000 
Telex: 
433·0067 


---I. 
tRC 


Oscillator 


Stabilization 
T,me. 
tRC 


MOTOROLA 
MICROPROCESSOR 
DATA 
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• 


Port 2 can also be used to provide 
an Interrace 
ror tne 


serial communications 
interface 
and the timer 
input 
edge 
function. 
These configurations 
are described in PROGRAM- 


MABLE 
TIMER 
and SERIAL 
COMMUNICATIONS 
INTER- 
FACE (SCII. 
The port 2 high-impedance 
TTL-compatible 
output buffers 


are capable of driving 
one Schottky 
TTL load and 30 pF, or 


CMOS devices using external pullup resistors. 


PORT 3 (P30- P37) 


Port 3 can be configured 
as an I/O 
port, 
a bidirectional 
8-bit data bus, or a multiplexed 
address/ data bus depending 
on 
the 
operating 
mode 
The 
TTl-compatible 
high- 


impedance 
output 
buffers can drive one Schottky 
TTl 
load 
and 90 pF. Unused lines can remain unconnected 


Port 3 In Single-Chip 
Mode 


Port 3 is an 8-bit 
I/O port in the single-chip 
mode, with 
each line configured 
by the port 3 data direction 
register. 


There are also two lines, IS3 and OS3, which can be used to 
control 
port 3 data transfers. 


Three port 3 options 
are controlled 
by the port 3 control 


and 
status 
register 
and 
are available 
only 
in single-chip 


mode: 
III 
port 3 input data can be latched 
using IS3 as a 


control 
signal. (2) OS3 can be generated 
by either an MPU 
read or write to the port 3 data register, and (3) an IROl in- 
terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing 
is shown 
in Figure 5. 


PORT 3 CONTROL AND 
STATUS 
REGISTER 


3 
2 
0 


t"ort ,j In I:xpanoeo 
Non-IVlUlllplt:~t1U IYIUUt1 


Port 3 is configured 
as a bidirectional 
data bus 1D7-00l in 
the expanded 
non-multiplexed 
mode. 
The direction 
of data 
transfers 
is controlled 
by read/write 
ISC21. Data is clocked 
by E (enable). 


Port 3 In Expanded-Multiplexed 
Mode 


Port 3 is configured 
as a time multiplexed 
address IAO-A7) 


and data bus (07-001 
in the expanded-multiplexed 
modes, 
where address strobe 
(AS) can be used to demultiplex 
the 
two buses. Port 3 is held in a high-impedance 
state between 


valid address and data to prevent bus conflicts. 


PORT 4 IP4Q-P471 


Port 4 is configured 
as an 8-bit I/O port. as address out- 
puts, 
or as data inputs 
depending 
on the operating 
mode. 


Port 4 can drive one Schottky 
TTl 
load and 90 pF and is the 


only port with internal 
pull up resistors. 
Unused lines can re- 
main unconnected. 


Port 4 In Single-Chip 
Mode 


In single-chip 
mode, port 4 functions 
as an 8-bit I/O port 


with 
each 
line 
configured 
by 
the 
port 
4 data 
direction 


register. 
Internal 
pullup 
resistors 
allow 
the port to directly 


interface with CMOS at 5 volt levels. External pull up resistors 
to more than 5 volts, however, 
cannot 
be used. 


Port 4 In Expanded Non-Multiplexed 
Mode 


Port 4 is configured 
from 
reset as an 8-bit 
input 
port, 


where the port 4 data direction 
register can be written 
to pro- 


vide any or all of eight 
address 
lines, 
AO to A7. 
Internal 
pullup resistors pull the lines high until the port 4 data direc- 
tion register is configured. 


Port 4 In Expanded-Multiplexed 
Mode 


In all expanded-multiplexed 
modes except mode 6, port 4 
functions 
as half of the address bus and provides A8 to A 15. 


In mode 6, the port 
is configured 
from 
reset as an 8-bit 
parallel input 
port, where the port 4 data direction 
register 


can be written 
to provide any or all of upper address lines A8 
to A 15. Internal pullup 
resistors pull the lines high until the 


port 4 data direction 
register is configured, 
where bit 0 con- 


trols A8. 


RESIDENT MEMORY 


The MC6801 provides 2048 bytes of on-chip 
ROM and 128 
bytes of on-chip 
RAM. 


One half of the RAM is powered through 
the VCC standby 
pin and is maintainable 
during VCC powerdown. 
This stand- 
by portion of the RAM consists of 64 bytes located from S80 
through 
SBF. 


Power 
must be supplied 
to VCC standby 
if the internal 
RAM 
is to be used regardless 
of whether 
standby 
power 
operation 
is anticipated. 


The RAM is controlled 
by the RAM control 
register. 


RAM CONTROL 
REGISTER ($14) 


The RAM control 
register includes two bits which 
can be 
used to control 
RAM accesses and determine 
the adequacy 
of the standby 
power source during 
powerdown 
operation. 


It is intended 
that RAME be cleared and STBY PWR be set 


as part of a powerdown 
procedure. 


Bit 0-2 


Bit 3 


Not used. 


LATCH 
ENABLE. 
This bit controls 
the 
input latch for port 3. If set. input data 
is latched by an IS3 negative edge. The 
latch is transparent 
after a read of the 


port 3 data register. 
lATCH 
ENABLE 
is cleared during reset. 


OSS 10utput 
Strobe 
Select!. 
This bit 


determines 
whether 
OS3 
will 
be 
generated by a read or write of the port 
3 data register. When clear, the strobe 
is generated 
by a read; when set. it is 
generated 
by a write. 
OSS is cleared 
during reset. 


Not used. 


IS3 IRQl 
ENABLE. When set, an IRQl 
interrupt 
will be enabled whenever 
IS3 


FLAG is set; when clear, the interrupt 
is inhibited. 
This bit is cleared during 


reset. 


IS3 FLAG. This read-only status bit is 
set 
by 
an 
IS3 
negative 
edge. 
It 
is 


cleared by a read of the port 3 control 
and status register (with IS3 FLAG set! 
followed 
by a read or write to the port 
3 data register or during reset. 


Bit 5 


Bit 6 


MOTOROLA 
MICROPROCESSOR 
DATA 
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Bit 0-5 


Bit 6 RAME 


Not used. 


RAM 
Enable. This read/write 
bit can 


be used 
to 
remove 
the 
entire 
RAM 
from the internal memory map. RAME 
is set (enabled! 
during 
reset provided 


standby power is available on the ptlsi- 
tive edge of RESET. If RAME is clear, 
any access to a RAM address is exter- 
nal. If RAME is set and not in mode 3, 
the 
RAM 
is included 
in the 
internal 


map. 


Standby 
Power. 
This 
bit 
is 


read/write 
status 
bit 
which, 
when 


once set, remains set as long as VCC 
standby 
remains 
above 
VSBB 
(mini- 


mum!. 
As long as this bit is set follow- 


ing a period of standby 
operation, 
the 


standby 
power supply 
has adequately 


preserved 
the 
data 
in 
the 
standby 


RAM. 
If this 
bit 
is cleared 
during 
a 


period 
of 
standby 
operation, 
it indi- 


cates that VCC standby 
had fallen to a 


level sufficiently 
below 
VSBB 
(mini- 


mum! 
to 
suspect 
that 
data 
in 
the 


The programmable 
timer 
can be used to perform 
input 


waveform 
measurements 
while independently 
generating 
an 


output 
waveform. 
Pulse widths 
can vary from several micro- 
seconds to many seconds 
A block diagram of the timer is 


shown in Figure 22. 


COUNTER (S09:0A) 


The key timer 
element 
is a 16-bit 
free-running 
counter 


which is incremented 
by E (enable!. 
It is cleared during reset 
and is read-only with one exception: 
a write to the counter 


1$091 will 
preset 
it to 
$FFF8. 
This 
feature, 
intended 
for 


testing, 
can disturb 
serial operations 
because the counter 


provides the SCI internal bit rate clock. TOF is set whenever 
the counter 
contains 
all ones. 


OUTPUT 
COMPARE 
REGISTER (SOB:OCI 


The output 
compare register is a 16-bit read/write 
register 


used to control 
an output 
waveform 
or provide an arbitrary 


timeout 
flag. It is compared with the free-running 
counter on 
each E cycle. When a match occurs, OCF is set and OLVL is 
clocked 
to an output 
level register. 
If port 2, bit 1, is con- 
figured as an output, 
OLVL will appear at P21 and the output 


compare register and OLVL can then be changed for the next 


Bit 1 
Port 2 
DDR 


Output 


Level 
Bit' 
Port 2 


Input 
Edge 
Bit 0 
Port 2 


• 
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compare. The function is inhibited for one cycle after a write 
to its high byte (SOB)to ensure a valid compare. The output 
compare register is set to SFFFF at RESET. 


INPUT CAPTURE REGISTER (SOD:OE) 


The input capture register is a 16-bit read-only register 
used to store the free-running counter when a "proper" 
in- 
put transition occurs as defined by IEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
senses P20 even when configured 
as an output. 
An input 


capture can occur independently of ICF: the register always 
'contains 
the most current 
value. 
Counter 
transfer 
is in- 


hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E cycles to 
ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS 
REGISTER (S08) 


The timer control and status register ITCSRI is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. 
The three most-significant 
bits provide the timer 
status and indicate if: 


• 
a proper level transition has been detected, 


• 
a match has occurred between the free-running 
counter and the output compare register, and 


• 
the free-running counter has overflowed. 


Each of the three events can generate an IR02 interrupt 
and is controlled 
by an individual enable bit in the TCSR. 


Timer Overflow Flag. TOF is set when 
the 
counter 
contains 
all ones. 
It is 
cleared 
by reading 
the 
TCS R (with 
TOF setl then reading the counter high 
byte IS08I, or during reset. 


Output 
Compare 
Flag. 
OCF 
is 
set 


when 
the 
output 
compare 
register 
matches the free-running counter. It is 
cleared 
by 
reading 
the 
TCSR 
(with 


OCF sell and then writing 
to the out- 
put compare register (SOBor SOC), or 
during reset. 


Input 
Capture Flag. ICF is set to in- 


dicate a proper 
level transition; 
it is 
cleared by reading the TCSR (with ICF 
sell and then the input capture register 
high byte ISOD), or during reset. 


Output 
Level. OLVL is clocked to the 
output 
level register by a successful 
output compare and will appear at P21 
if bit 
1 of the port 2 data direction 


register is set. It is cleared during reset. 


Input 
Edge. 
IEDG is cleared during 
reset and controls 
which 
level transi- 


tion will trigger a counter 
transfer to 
the input capture register: 
IEDG=O Transfer on a negative-edge 
IEDG= 1 Transfer on a positive-edge. 


Enable 
Timer 
Overflow 
Interrupt. 


When set, an IR02 interrupt is enabled 
for a timer overflow; 
when clear, the 


interrupt is inhibited. 
It is cleared dur- 


Ing reset. 


Enable 
Output 
Compare 
Interrupt. 


When set, an IR02 interrupt is enabled 
for an output 
compare; 
when 
clear, 
the interrupt 
is inhibited. 
It is cleared 
during reset. 


Enable Input Capture Interrupt. 
When 
set, an IR02 interrupt is enabled for an 
input capture; 
when clear, the inter- 


rupt 
is inhibited. 
It is cleared during 
reset. 


A full-duplex 
asynchronous 
serial communications 
inter- 


face ISCI) is provided with two data formats and a variety of 
rates. The SCI transmitter 
and receiver are functionally 
in- 
dependent, but use the same data format and bit rate. Serial 
data formats 
include standard 
mark/space 
(NRZI and Bi- 
phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" 
and "bit 
rate" are used synonymously 
in 
the following 
description. 


WAKE-UP 
FEATURE 


In a typical 
serial loop multi-processor 
configuration, 
the software 
protocol 
will 
usually 
identify 
the addres- 


see(s) at the beginning 
of the message. 
In order to per- 


mit uninterested 
MPU's to ignore 
the remainder 
of the 
message, 
a wake-up 
feature 
is included 
whereby 
all fur- 


ther SCI receiver 
flag land interrupt) 
processing 
can be 
inhibited 
until 
its data line goes idle. An SCI receiver 
is 
re-enabled 
by an idle string 
of eleven consecutive 
ones 
or during 
reset. Software 
must provide 
for the required 


idle string 
between 
consecutive 
messages 
and prevent 


it within 
messages. 


PROGRAMMABLE 
OPTIONS 


The following 
features of the SCI are programmable: 


• 
format: standard mark/space 
INRZ) or Bi-phase 


• 
clock: external or internal bit rate clock 


• 
Baud: one of four per E clock frequency, 
or external 


clock 1x 8 desired baud) 


• 
wake-up feature: enabled or disabled 


• 
interrupt 
requests: enabled individually 
for transmitter 
and receiver 


• 
clock output: 
internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS 
REGISTERS 


The serial communications 
interface 
includes 
four 
ad- 
dressable registers as depicted in Figure 23. It is controlled 
by the rate and mode control 
register and the transmit/ 


receive control and status register. Data is transmitted 
and 
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received 
utilizing 
a write-only 
transmit 
register and a read- 


only receive register. The shift registers are not accessible to 
software. 


time and rates for three selected MCU 
frequencies. 


CCl :CCO Clock 
Control 
and 
Format 
Select. These two bits control 
the for- 


mat and select the serial clock source. 
If CCl is set, the DDR value for P22 is 
forced to the complement 
of CCO and 


cannot be altered until CCl is cleared. 
If CCl is cleared after having been set, 
its DDR value is unchanged. 
Table 7 
defines the formats, 
clock source, and 
use of P22. 


Rate and Mode Control 
Registers IRMCR) 
($10) 


The rate and mode control 
register controls 
the SCI bit 


rate, format, 
clock source, and under certain conditions, 
the 
configuration 
of P22. The register consists of four write-only 


bits which are cleared during reset. The two least-significant 
bits control 
the bit rate of the internal clock and the remain- 


ing two bits control 
the format 
and clock source. 


If both CCl and CCO are set, an external TTL-compatible 
clock 
must 
be connected 
to 
P22 at eight 
times 
18X) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (± 10%1. If CC1:CCO= 10, the internal bit rate clock is 
provided 
at P22 regardless of the values for TE or RE. 
SSl:SSo 
Speed 
Select. 
These 
two 


bits select the baud rate when 
using 


the internal 
clock. 
Four rates may be 


selected 
which 
are a function 
of the 


MCU input frequency. 
Table 6 lists bit 


NOTE: The source of SCI internal bit rate clock is the timer 
free-running 
counter. 
An MPU write to the counter 
can disturb serial operations. 


FIGURE23 - 
SCI REGISTERS 


Bit 7 
Rateand Mode Control Register 
Bit 0 
I 
I~ 
$10 


Clock 


Bit 
2 
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• 


Transmit/Receive 
Control 
And Status 
Register 


fTRCSR) 
($11) 


The transmit/ 
receive control 
and status register controls 
the 
transmitter, 
receiver, 
wake-up 
feature, 
and 
two 
in- 


dividual 
interrupts 
and monitors 
the status of serial opera- 


tions. 
All eight 
bits are readable while 
bits 0 to 4 are also 
writable. 
The register is initialized 
to $20 by RESET. 


RDRF and/or 
ORFE is set; when clear, 


the interrupt 
is inhibited. 
RIE is cleared 
during 
reset. 


Transmit 
Data Register 
Empty. 
TDRE 
is set when the transmit 
data register is 
transferred 
to 
the 
output 
serial shift 
register or during reset. It is cleared by 
reading 
the TRCSR 
(with 
TDRE setl 
and then writing 
to the transmit 
data 
register. 
Additional 
data 
will 
be 
transmitted 
only 
if 
TDRE 
has 
been 


cleared. 


Overrun Framing Error. If set, ORFE in- 


dicates 
either 
an overrun 
or framing 
er· 
ror. An overrun 
,s a new byte ready to 


transfer 
to 
the 
receiver 
data 
register 


with 
RDRF still set. A receiver framing 


error 
has 
occurred 
when 
the 
byte 
boundaries 
of the bit stream 
are not 


synchronized 
to 
the 
bit counter. 
An 
overrun 
can be distinguished 
from 
a 
framing 
error by the state of RDRF: if 
RDRF is set, then an overrun 
has oc- 
curred; 
otherwise 
a framing 
error has 


been detected. 
Data is not transferred 
to the receive data register in an over- 
run condition. 
Unframed 
data causing 


a framing 
error 
is transferred 
to 
the 
receive data register. 
However, 
subse- 


quent data transfer is blocked until the 
framing error flag is cleared.' 
ORFE is 
cleared 
by reading 
the TRCSR 
(with 
ORFE 
setl 
then 
the 
receive 
data 


register, 
or during 
reset. 


Receive 
Data 
Register 
Full. 
RDRF is 
set when 
the input serial shift register 


is 
transferred 
to 
the 
receive 
data 
register. 
It is cleared 
by reading 
the 
TRCSR (with 
RDRF setl, and then the 


receive data register, 
or during 
reset. 


SS1:SS0 
4fo- 
2.4576 MHz 
4.0 MHz 
4.9152 MHz 
E 
614.4 kHz 
1.0 MHz 
1.2288MHz 


0 
0 
+ 16 
26 ~s/38.400 Baud 
16~s/62.500 Baud 
13.0~sI76,800 Baud 


0 
1 
+ 128 
208~s/4.aoo Baud 
128~sI7812.5 Baud 
104.2~s/9,aoo Baud 
1 
0 
+ 1024 
1.67 ms/aoo Baud 
1.024 ms/976.6 Baud 
833.3 ~s/1 ,200 Baud 


1 
1 
+4096 
6.67 msl150 Baud 
4.096 ms/244.1 Baud 
3.33 ms/300 Baud 
• External (P22J 
13.0~sI76,aoo Baud 
8.0 ~s/ 125,000Baud 
6.5 ~s/153,aoo Baud 
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TRANSMIT/RECEIVE 
CONTROL AND STATUS 
REGISTER ITRCSR) 


3 
2 


RE 
TIE 
$0011 


"Wake-up" 
on Idle Line. When 
set, 


WU 
enables 
the wake-up 
function; 


it is cleared 
by eleven 
consecutive 
ones 
or during 
reset. 
WU 
will 
not 
set if the line 
is idle. 


Transmit 
Enable. When set, P24 DDR 


bit is set, cannot be changed, 
and will 


remain 
set 
if 
TE 
is 
subsequently 


cleared. 
When 
TE is changed 
from 
clear 
to 
set. 
the 
transmitter 
is can' 


nected to P24 and a preamble of nine 
consecutive 
ones is transmitted. 
TE is 
cleared during 
reset. 


Transmit 
Interrupt 
Enable. When 
set, 
an 
IRQ2 interrupt 
is enabled 
when 
TDRE is set; when clear, the interrupt 
is inhibited. 
TE is cleared during reset. 


Receive 
Enable. 
When 
set, 
the 
P23 


DDR bit is cleared, 
cannot 
be chang- 
ed, and will remain clear if RE is subse- 
quently 
cleared. 
While 
RE is set, the 
SCI receiver is enabled. 
RE is cleared 
during reset. 


Receiver Interrupt 
Enable. When 
set. 


an 
IRQ2 
interrupt 
is enabled 
when 


CC1:CCO 
Format 
Clock 
Port 2 
Source 
Bit 2 


00 
Bi-Phase 
Internal 
Not Used 
01 
NRZ 
Internal 
Not Used 


10 
NRZ 
Internal 
Output 
11 
NRZ 
External 
Input 


SERIAL OPERATIONS 


The SCI is initialized 
by writing 
control 
bytes first to the 


rate and mode 
control 
register 
and then 
to the transmit/ 


receive control 
and status register. When TE is set, the out- 


put of the transmit 
serial shift 
register is connected 
to P24 
and serial output 
is initiated 
by transmitting 
a 9-bit preamble 


of ones. 


At this point one of two situations 
exisf: 1) if the transmit 


data 
register 
is empty 
ITDRE= 
1), a continuous 
string 
of 


ones will be sent indicating 
an idle line, or 2) if a byte has 


been written 
to the transmit-data 
register ITDRE=Q), 
it will 
be transferred 
to the output 
serial shift register Isynchroniz- 


ed with 
the bit rate clockl, 
TDRE will be set, and transmis- 
sion will begin. 


The start bit (01, eight data bits Ibeginning with bit 01and a 


stop bit (1), will be transmitted. 
If TDRE is still set when the 


next byte transfer should occur, ones will be sent until more 
data is provided. 
In Bi-phase format, 
the output 
toggles at 


the start of each bit and at half-bit 
time when a one is sent. 


Receive operation 
is controlled 
by RE which 
configures 
P23 


as an input and enables the receiver. SCI data formats are il- 
lustrated 
in Figure 24. 


The MC6B01/03 
is upward 
source and object code com- 


patible with the MC6BOO.Execution times of key instructions 
have been reduced and several new instructions 
have been 


added, 
including 
a hardware 
multiply. 
A list of new opera- 


tions added to the MC6BOOinstruction 
set is shown in Table 


1 
In addition, 
two new special opcodes, 4E and 5E, are pro- 


vided for test purposes. 
These opcodes 
force the program 
counter 
to increment 
like a 16-bit counter, 
causing address 


lines used in the expanded 
modes 
to increment 
until 
the 


device is reset. These opcodes 
have no mnemonics. 


The coding 
of the first lor only) byte corresponding 
to an 


executable 
instruction 
is sufficient 
to identify 
the instruction 


and the addressing 
mode. 
The hexadecimal 
equivalents 
of 
the binary codes, which 
result from the translation 
of the 82 
instructions 
in all valid modes of addressing, 
are shown 
in 


Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


PROGRAMMING 
MODEL 


A programming 
model 
for the MC6B01/03 
is shown 
in 


Figure 
10. Accumulator 
A can be concatenated 
with 
ac- 
cumulator 
B and jointly 
referred to as accumulator 
D where 


A is the most-significant 
byte. Any operation which modifies 


the 
double 
accumulator 
will 
also 
modify 
accumulator 
A 
and/or 
B. Other registers are defined as follows: 


Program 
Counter 
- 
The 
program 
counter 
is a 16-bit 
register which 
always points to the next instruction. 


Stack 
Pointer 
- 
The stack 
pointer 
is a 16-bit 
register 


which contains the address of the next available location in a 
pushdown/pullup 
ILlFO) 
queue. 
The stack 
resides in ran- 


dom access memory 
at a location 
defined 
by the program- 


mer. 


Index Register 
- 
The index 
register 
is a 16-bit register 


which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators 
- 
The MPU contains 
two 
8-bit 
accumu- 


lators, A and B, which are used to store operands and results 
from the arithmetic 
logic unit IALUI. 
They can also be con- 
catenated 
and referred to as the D Idouble) 
accumulator. 


Condition 
Code Registers 
- 
The condition 
code register 
indicates 
the 
results 
of 
an 
instruction 
and 
includes 
the 
following 
five condition 
bits: negative INI, zero IZI, overflow 
IV), carry/borrow 
from 
MSB ICI, and half carry from bit 3 
IHI. 
These bits are testable 
by the conditional 
branch 
in- 


structions. 
Bit 4 is the interrupt 
mask II bill 
and inhibits 
all 
maskable interrupts 
when set. The two unused bits, B6 and 


B7, are read as ones. 


Bit 
Idle 
Start 
0 


Data: 010011011$401 


• 
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Extended 
Addressing 
- 
The second and third 
bytes 
of the instruction 
contain 
the absolute 
address 
of the 
operand. 
These are three 
byte instructions. 


Indexed Addressing 
- 
The unsigned 
offset contained 
in the second byte of the instruction 
is added with carry 
to the 
index 
register 
and 
used to 
reference 
memory 
without 
changing 
the index register. These are two byte 
instructions. 


Inherent 
Addressing 
- 
The operand(s) 
are registers 
and no memory 
reference 
is required. 
These are single 
byte instructions. 


Relative 
Addressing 
- 
Relative 
addressing 
is used 


only for branch 
instructions. 
If the branch 
condition 
is 
true, the program 
counter 
is overwritten 
with 
the sum 


of a signed single 
byte displacement 
in the second byte 
of the instruction 
and the current 
program 
counter. 
ThiS 
provides 
a branch 
range of -126 
to + 129 bytes from 


the first 
byte of the instruction. 
These are two 
byte in- 


structions. 


Six addressing 
modes can be used to reference 
mem- 


ory. A summary 
of addressing 
modes for all instructions 
is present in Tables 9 through 
12, where execution 
times 


are provided 
in E cycles. Instruction 
execution 
times are 


summarized 
in Table 
13. With 
an input 
frequency 
of 4 
MHz, E cycles are equivalent 
to microseconds. 
A cycle- 


by-cycle 
description 
of bus activity 
for each instruction 


is provided 
in Table 
14 and a description 
of selected 
instructions 
is shown 
in Figure 25. 


Immediate 
Addressing 
- 
The operand or "immediate 
byte(s)" 
is contained 
in the following 
byte(s) of the in- 


struction 
where 
the number 
of bytes 
matches 
the size 
of the register. 
These are two or three byte instructions. 


Direct Addressing 
- 
The least-significant 
byte of the 
operand 
address 
is contained 
in the second byte of the 
instruction 
and the most-significant 
byte is assumed 
to 
be $00. Direct addressing 
allows the user to access $00 
through 
$FF using two byte instructions 
and execution 
time 
is reduced 
by eliminating 
the additional 
memory 
access. 
In most 
applications, 
the 256-byte 
area is re- 


served for frequently 
referenced 
data. 


OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , 


00 
34 
DES 
INHER 
3 
1 
68 
ASL 
INoxa 
6 
2 
9C 
CPX 
OIA 
5 
2 
DO 
SUBS 
DIA 
3 
2 
01 
NOP 
tNHER 
2 
1 
35 
TXS 
3 
1 
69 
AOL 


1 


6 
2 
90 
JSA 


~ 


5 
2 
01 
(MPB 
3 
2 


02 
36 
PSHA 
3 
I 
6A 
DEC 
6 
2 
9E 
LOS 
4 
2 
02 
saCB 
3 
2 


03 
37 
P$HB 
3 
I 
6B 
9f 
STS 
DIA 
4 
2 
03 
ADDD 
5 
2 
04 
L$AO 
3 
1 
3B 
PUlX 
5 
I 
6C 
INC 
6 
2 
AD 
SUBA 
lNOXD 
4 
2 
"" 


ANDB 
3 
2 
05 
A$lO 
3 
1 
39 
ATS 
5 
I 
60 
TST 
6 
2 
Al 
CMPA 
4 
2 
05 
BITB 
3 
2 


06 
TAP 
2 
1 
3A 
ABX 
3 
I 
6E 
JMP 
3 
2 
A2 
saCA 
4 
2 
D6 
LOAS 
3 
2 
07 
TPA 
2 
1 
3B 
ATI 
10 
I 
6f 
CLA 
INoxa 
6 
2 
A3 
sueD 
6 
2 
07 
STAB 
3 
2 


DB 
INX 
3 
1 
3C 
P$HX 
4 
I 
70 
NEG 
EXTND 
6 
3 
A4 
ANDA 
, 
2 
DB 
EORB 
3 
2 
09 
DEX 
3 
I 
3D 
MUL 
10 
I 
71 
A5 
BITA 
, 
2 
09 
ADCB 
3 
2 


OA 
CLV 
2 
I 
3E 
WAI 
9 
I 
72 
A6 
LOA 
A 
, 
2 
DA 
DRAB 
3 
2 
DB 
SEV 
2 
1 
3f 
sw~ 
12 
I 
73 
COM 
6 
3 
A7 
STAA 
, 
2 
DB 
ADOB 
3 
2 
DC 
eLC 
2 
1 
40 
NEGA 
2 
1 
74 
LSA 
6 
3 
AB 
EORA 
, 
2 
DC 
LOD 
4 
2 
00 
SEe 
2 
I " 
75 
A9 
ADCA 
, 
2 
00 
STO 
, 
2 
DE 
CL1 
2 
I " 
76 
ADA 
6 
3 
AA 
.ORAA 
, 
2 
DE 
LOX 
4 
2 
Of 
SEI 
2 
1 
43 
COMA 
2 
1 
77 
ASA 
6 
3 
AB 
ADDA 
, 
2 
Of 
STX 
DIA 
, 
2 
10 
SBA 
2 
1 
44 
LSRA 
2 
1 
7B 
ASL 
6 
3 
AC 
epx 
6 
2 
EO 
SUBS 
INoxa , 
2 
11 
CBA 
2 
1 
'5 
79 
AOL 
6 
3 
AD 
JSA 
6 
2 " 


CMPB 
, 
2 


12 
'6 
RORA 
2 
1 
7A 
DEe 
6 
3 
AE 
LOS 
5 
2 
E2 
saCB 
, 
2 


13 
47 
A$RA 
2 
I 
7B 
Af 
5TS 
INoxa 
5 
2 
E3 
ADOO 
6 
2 
" 


48 
A$LA 
2 
I 
7e 
INe 
6 
3 
BO 
$UBA 
EXTND 
, 
3 
E' 
ANDB 
, 
2 
15 
49 
ROlA 
2 
I 
70 
TST 
6 
3 
BI 
CMPA 
, 
3 
E5 
BIT8 
, 
2 
16 
TAB 
2 
I 
'A 
OECA 
2 
I 
7E 
JMP 
3 
3 
B2 
saCA 
, 
3 
E6 
LOAB 
, 
2 
17 
TBA 
2 
1 
'B 
7f 
CLA 
EXTNQ 
6 
3 
B3 
SUBD 
6 
3 
E7 
STAB 
, 
2 


IB 
4C 
INCA 
2 
I 
so 
$UBA 
IMMED 
2 
2 
B4 
ANOA 
, 
3 
EB 
EORB 
, 
2 
19 
DAA 
INHER 
2 
1 
'0 
TSlA 
2 
I 
Bl 
(MPA 
2 
2 
B5 
BITA 
, 
3 
E9 
ADea 
, 
2 
IA 
OE 
T 
B2 
secA 
2 
2 
B6 
LOA 
A 
, 
3 
EA 
DRAB 
, 
2 
IB 
ABA 
INHER 
2 
1 
Of 
ClRA 
2 
I 
B3 
SUBD 
, 
3 
B7 
$TAA 
, 
3 
EB 
ADDS 
, 
2 
IC 
50 
NEGB 
2 
1 
"" 
ANOA 
2 
2 
BB 
EORA 
, 
3 
Ee 
LDO 
5 
2 
10 
51 
B5 
BITA 
2 
2 
B9 
ADCA 
, 
3 
EO 
STO 
5 
2 


IE 
52 
B6 
LDAA 
2 
2 
BA 
DRAA 
, 
3 
EE 
LOX 
5 
2 
IF 
53 
COMB 
2 
I 
B7 
BB 
ADDA 
, 
3 
EF 
STX 
INDXD 
5 
2 
20 
BAA 
AEL 
3 
2 
54 
LSAB 
2 
I 
BB 
EOAA 
2 
2 
Be 
cPX 
6 
3 
fO 
SUBB 
EXTNQ 
, 
3 
21 
BAN 
3 
2 
55 
B9 
AOCA 
2 
2 
BD 
JSA 
6 
3 
fl 
CMPB 
4 
3 
22 
BHI 
3 
2 
56 
AQRB 
2 
I 
BA 
DRAA 
2 
2 
BE 
LOS 
5 
3 
F2 
sacs 
4 
3 
23 
BLS 
3 
2 
57 
ASRB 
2 
I 
BB 
AOOA 
2 
2 
Bf 
5T5 
EXTND 
5 
3 
F3 
AOOD 
6 
3 
2' 
BCC 
3 
2 
58 
ASLS 
2 
I 
Be 
epx 
IMMEO 
, 
3 
CO 
SUBB 
IMMED 
2 
2 
f4 
ANDB 
4 
3 
25 
Bes 
3 
2 
59 
RDLB 
2 
1 
BO 
BSA 
AEL 
6 
2 
el 
CMPB 
2 
2 
f5 
BITB 
, 
3 


26 
BNE 
3 
2 
SA 
OECB 
2 
I 
BE 
LOS 
IMMED 
3 
3 
e2 
SBCB 
2 
2 
f6 
LDAB 
, 
3 


27 
BED 
3 
2 
5B 
Bf 
e3 
ADDD 
, 
3 
f7 
STAB 
, 
3 


2B 
BVC 
3 
2 
5C 
INCB 
2 
I 
90 
SUBA 
DIA 
3 
2 
e' 
ANDB 
2 
2 
fB 
EORB 
, 
3 


19 
BVS 
3 
2 
50 
T$TB 
r 


2 
1 
91 
CMPA 
3 
2 
e5 
BITB 
2 
2 
f9 
ADCB 
4 
3 


2A 
BPL 
3 
2 
5E 
T 
92 
SBCA 
3 
2 
e6 
LDAB 
, 
2 
fA 
DAAB 
, 
3 


2B 
BMI 
3 
2 
Sf 
CLAB 
INHEA 
2 
I 
93 
SUBO 
5 
2 
C7 
FB 
ADDB 
4 
3 
2e 
BGE 
3 
2 
60 
NEG 
INOXD 
6 
2 
94 
ANDA 
3 
2 
C8 
EORB 
2 
2 
fe 
LDD 
5 
3 
20 
BLl 
3 
2 
61 I 


95 
BITA 
3 
2 
C9 
AOCB 
2 
2 
fD 
STD 
5 
3 
2E 
BGT 
3 
2 
62 
96 
LOA 
A 
3 
2 
eA 
OAAB 
2 
2 
FE 
LOX 
5 
3 
2F 
BLE 
AEL 
3 
2 
63 
COM 
6 
2 
97 
STAA 
3 
2 
eB 
ADDB 
2 
2 
fF 
STX 
EXTND 
5 
3 
30 
TSX 
INHER 
3 
I 
64 
LSA 
6 
2 
9B 
EORA 
3 
2 
ee 
LDD 
3 
3 
31 
INS 


~ 


3 
I 
65 
99 
ADCA 
3 
2 
CO 
* UNDEFINED 
OP 
CODE 
32 
PULA 
, 
I 
66 
ADA 
6 
2 
9A 
DRAA 
3 
2 
eE 
LOX 
IMMEQ 
3 
3 


33 
PUL8 
4 
I 
67 
ASA 
INDXQ 
6 
2 
9B 
ADDA 
3 
2 
ef 


NOTES 
AddreSSing 
Modes 
INHER 3!!iInherent 
INDXD 
E Indexed 
IMMED 
• ImmedIate 


REL!!!!<Relative 
EXTND 
5 Extended 
DIR E Direct 


2 
Unassigned 
opcodes are Indicated 
by ..• .. and should not be executed 
3 
Codes marked by "T" 
force the PC to function 
as a 16-blt counter. 


MOTOROLA 
MICROPROCESSOR 
DATA 
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Condition 
Codes 


Immed 
Direct 
Index 
Extnd 
Inherent 
Boolean! 
5 
4 
3 
2 
1 
0 


Pointer 
Operattons 
MNEM 
Op 
- , Op - , Op - , Op - , Op - , 
Arithmetic 
Operation 
H 
I 
N 
Z 
V 
C 


Compare 
Index 
Register 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
6 
2 
BC 
6 
3 
X-MM+l 
· · I I I I 


Decrement 
Index 
Register 
DEX 
09 
3 
1 
X-l-X 
· · · I · · 
Decrement 
Stack 
Pointer 
DES 
34 
3 
1 
SP-1-SP 
· · · · · · 
Increment 
Index 
RegIster 
INX 
OS 
3 
1 
X+l-X 
· · · I · · 
Increment 
Stack 
Pointer 
INS 
31 
3 
1 
1 SP+ 
1- 
SP 
· · · · · 
Load 
Index 
Register 
LDX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
M-XH,IM+lI-XL 
· · 
I 
R · 
load 
Stack 
Pointer 
LDS 
BE 
3 
3 
9E 
4 
2 
AE 
5 
2 
BE 
5 
3 
M-SPH,IM+J)-SPL 
· · 
I 
R · 
Store 
Index 
Register 
STX 
DF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M.XL 
-1M 
+-11 
· · 
I 
R · 


Store 
Stack 
POInter 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH-M,SPL-IM+ll 
· · 
I 
R · 
Index 
Reg - 
Stack 
POinter 
TXS 
35 
3 
1 
X-1-SP 
· · · · · 


Stack 
Pntr -Index 
Register 
TSX 
30 
3 
1 
SP+ 
1 
X 
· · · 
· 
Add 
ABX 
3A 
3 
1 
B+X 
X 
· · · · · · 
Push 
Data 
PSHX 
3C 
4 
1 
XL -MSp,SP 
l-SP 
· · · · · · 
XH-MSp,SP- 
I-SP 


Pull 
Data 
PULX 
38 
5 
1 
SP+ 
I 
SP,MSp 
XH 
· · · · · · 
SP+ 
I-SP,MSp-XL 


Condition 
Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM 
Op 
- , Op 
- , Op 
- , Op 
- , Op 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


Add 
Accumulators 
ABA 
1B 
2 
1 
A+B-A 
I 
I I I I 


AddBtoX 
ABX 
3A 
3 
1 
OOB+X-X 
· · · · · 


Add 
with 
Carry 
ADCA 
B9 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M.,.C-A 
· 


ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C 
B 
· 


Add 
ADDA 
BB 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M-A 
· 


ADDB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+ 
M 
A 
· 


Add 
Double 
ADDD 
C3 
4 
3 
D3 
5 
2 
E3 
6 
2 
F3 
6 
3 
D+M 
M.,.l 
D 
· · 


And 
ANDA 
B4 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
· · 


R · 


ANDB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M 
B 
R 


Shift 
Left, 
Anthmetlc 
ASL 
68 
6 
2 
7B 
6 
3 
- 
· 


ASLA 
48 
2 
1 @j-111111111 
-0 · · 


ASLB 
58 
2 
1 
b7 
bO 
· · 


ShIft 
Left 
Double 
ASLD 
05 
3 
I 


Shift 
Right, 
ArithmetIC 
ASR 
67 
6 
2 
77 
6 
3 


qllllllll-@j 
ASRA 
47 
2 
I 
· I I I I 


ASRB 
57 
2 
1 
b7 
bO 
· 
I I I I 


Bit Test 
BITA 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
· · II I 
R · 


BITB 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
· I I 
R · 


Compare 
Accumulators 
CBA 
11 
2 
1 
A-B 
· · II I I I 


Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
00 
M 
· · 


R 
S 
R 
R 


CLRA 
4F 
2 
1 
oo-A 
· · 


R 
S 
R 
R 


CLRB 
5F 
2 
1 
oo-B 
· · 


R 
S 
R 
R 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
A1 
4 
2 
B1 
4 
3 
A 
M 
· · 


CMP8 
C1 
2 
2 
D1 
3 
2 
EI 
4 
2 
F1 
4 
3 
B-M 
· · I I I I 


l'5 Complement 
COM 
63 
6 
2 
73 
6 
3 
M 
M 
· · II II 
R 
S 


COMA 
43 
2 
1 
A-A 
· · I I 
R 
S 


COMB 
53 
2 
1 
B 
8 
· · I I 
R 
S 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 
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Condition 
Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM 
Op - , Op 
- , Op 
- , Op 
- 
, 
Op 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


DecImal 
AdJust. 
A 
OAA 
19 
2 
1 
Adl 
binary 
sum 
(0 BCD 
· · I I I I 


Decrement 
OEC 
6A 
6 
2 
7A 
6 
3 
M- 
1 
M 
· · I I I · 


OECA 
4A 
2 
1 
A-l-A 
· · I I I · 


OECB 
5A 
2 
1 
B-I-8 
· · I I I · 


Exclusive 
OR 
EORA 
as 
2 
2 
9B 
3 
2 
AS 
4 
2 
B8 
4 
3 
AE9M 
A 
· · I I 
R · 


EORB 
C8 
2 
2 
OS 
3 
2 
E8 
4 
2 
,B 
4 
3 
BEllM 
B 
· · I I 
R · 


Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-M 
· · I I I · 


INCA 
4C 
2 
1 
A+1 
A 
· · I I I · 


INCB 
5C 
2 
1 
B+l-B 
· · I I I · 


load 
Accumulators 
LOAA 
as 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
· · I I 
R · 


LOAB 
C6 
2 
2 
DB 
3 
2 
E6 
4 
2 
F6 
4 
3 
M 
B 
· · I I 
R · 


load 
Double 
LOO 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
MM.l-0 
· · I I 
R · 


logical 
Shift. 
left 
LSL 
68 
6 
2 
7B 
6 
3 
· · I I I I 
- 
· · I I I I 
LSLA 
4B 
2 
1 
@] -111111111 
-0 


LSLB 
58 
2 
1 
b7 
bO 
· · I I I I 


LSLD 
05 
3 
2 
· · I I I I 


Shilt 
Right, 
logIcal 
LSA 
64 
6 
2 
74 
6 
3 
- 
· · 


A I I I 


LSAA 
44 
2 
1 
o-IIIIIIIII-@] 
· · 


A I I I 


LSAB 
54 
2 
1 
b7 
bO 
· · 


A I I I 


LSAO 
04 
3 
1 
· 


A I I I 


Multiply 
MUL 
3D 
10 
1 
AxB-D 
· · · · · I 


2's Complement 
(Negate) 
NEG 
60 
6 
2 
70 
6 
3 
oo-M-M 
· · I I I I 


NEGA 
40 
2 
1 
oo-A-A 
· · I I I I 


NEGB 
50 
2 
1 
00- 
B- 
B 
· · I I I I 


No Operation 
NOP 
01 
2 
1 
PC+ 
1 
PC 
· · · · · · 


InclUSive 
OR 
OAAA 
BA 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
· · 


A · 


OAAB 
CA 
2 
2 
OA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+ 
M 
B 
· · I I 
A · 


Push 
Dala 
PSHA 
36 
3 
1 
A-Stack 
· · · · · · 


PSHB 
37 
3 
1 
B - 
Stack 
· · · · · · 


Pull Data 
PULA 
32 
4 
1 
Stack-A 
· · · · · · 


PULB 
33 
4 
1 
Stack 
- 
B 
· · · · · · 


Rotate 
lelt 
AOL 
69 
6 
2 
79 
6 
3 
- 
· · I I I I 


AOLA 
49 
2 
1 
@]-1IIIIIIII-i9 
· · I I I I 


AOLB 
59 
2 
I 
b7 
bO 
· · I I I I 


Rotate 
Right 
ADA 
66 
6 
2 
76 
6 
3 
- 
· · I I I I 


AOAA 
46 
2 
1 
@]-11111111f-@ 
· · I I I I 


AOAB 
56 
2 
1 
b7 
bO 
· · I I I I 


Subtract 
Accumulator 
SBA 
10 
2 
1 
A-B-A 
· · I I I I 


Subtract 
With 
Carry 
SBCA 
B2 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 
· · I I I I 


SBCB 
C2 
2 
2 
02 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C-B 
· · I I I I 


Store 
Accumulators 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A-M 
· · I I 
A · 


STAB 
07 
3 
2 
E7 
4 
2 
F7 • 
3 
B-M 
· · I I 
A · 


STO 
DO 
• 
2 
EO 
5 
2 
FO 
5 
3 
D-MM+l 
· · I I 
A · 


Subtract 
SUBA 
SO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO • 
3 
A 
M-A 
· · I I I I 


SUBB 
CO 
2 
2 
00 
3 
2 
EO 
4 
2 
FO 
4 
3 
B 
M-B 
· · I I I I 


Subtract 
Double 
SUBO 
B3 • 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
0 
MM+l-D 
· · I I I I 


T ransler 
Accumulator 
TAB 
16 
2 
1 
A-B 
· · I I 
A · 


TBA 
17 
2 
1 
B-A 
· · I I 
A · 
Test, 
Zero 
or Minus 
TST 
60 
6 
2 
70 
6 
3 
M 
00 
· · I I 
A 
A 


TSTA 
40 
2 
1 
A 
00 
· · I I 
A 
A 


TSTB 
50 
2 
1 
B-oo 
· · I I 
A 
A 


MOTOROLA 
MICROPROCESSOR 
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Condition 
Code 
Reg. 


Direct 
Relative 
Index 
Extend 
Inherent 
5 
4 
3 
2 
1 
0 
Operations 
MNEM 
Dp - , Dp - , Dp - , Dp , Dp - , 
Branch 
Test 
H 
I 
N 
2 
V 
C 


Branch 
Always 
BRA 
20 
3 
2 
None 
· · · · · · 
Branch 
Never 
BRN 
21 
3 
2 
None 
· · · · · · 
Branch 
If Carry 
Clear 
BCC 
24 
3 
2 
C=O 
· · · · · · 
Branch 
If Carry 
Set 
BCS 
25 
3 
2 
C=' 
· · · · · · 
Branch 
If = Zero 
BED 
27 
3 
2 
Z-1 
· · · · · · 
Branch 
If ~ Zero 
BGE 
2C 
3 
2 
NEDV=O 
· · · · · · 
Branch 
if > Zero 
BGT 
2E 
3 
2 
Z+INEDVI=O 
· · · · · · 
Branch 
If Higher 
BHI 
22 
3 
2 
C+Z=O 
· · · · · · 
Branch 
11 Higher 
or Same 
BHS 
24 
3 
2 
C=O 
· · · · · · 
Branch 
If 
:!:iZero 
BlE 
2F 
3 
2 
Z+IN 
EDVI=' 
· · · · · · 
Branch 
If Carry 
Set 
BlD 
25 
3 
2 
C=l 
· · · · · · 
Branch 
If Lower 
Or Same 
BlS 
23 
3 
2 
C+Z=l 
· · · · · · 
Branch 
If < Zero 
BLT 
20 
3 
2 
NEDV=' 
· · · · · · 
Branch 
If Minus 
BMI 
2B 
3 
2 
N=l 
· · · · · · 
Branch 
If Not 
Equal 
Zero 
BNE 
26 
3 
2 
Z-O 
· · · · · · 
Branch 
If Overflow 
Clear 
BVC 
26 
3 
2 
V=O 
· · · · · · 
Branch 
If Overflow 
Set 
BVS 
29 
3 
2 
V=1 
· · · · · · 
Branch 
If Plus 
BPl 
2A 
3 
2 
N=O 
· · · · · · 
Branch 
To 
Subroutine 
BSR 
BO 
6 
2 
· · · · · · 


Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
See Special 
OperaliOns-Flgure 
25 
• · · · · · 


Jump 
To 
Subroutine 
JSR 
90 
5 
Z 
AD 6 
2 
BO 6 
3 
· · · · · · 


No 
Operation 
NDP 
0' 
2 , 
· · · · · · 
Return 
From 
Interrupt 
RTI 
3B 10 , 
I I I I IT 


Return 
From 
Subroutine 
RTS 
39 
5 , 
See Special 
Opera liOns· Figure 
25 
• · · · · · 


Software 
Interrupt 
SWI 
3F 
12 
1 
· 


S · · · · 


Wait 
For Interrupt 
WAI 
3E 
9 
I 
· · · · · · 


Condition 
Code Register 


Inherent 
5 
4 
3 
2 
1 
0 


Operations 
MNEM 
Op 
- 
# 
800lean 
Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
ClC 
OC 
2 
1 
O-C 
· · · · · 


R 


Clear Interrupt 
Mask 
CLI 
OE 
2 
, 
0-1 
· 


R · · · · 
Clear Overflow 
CLV 
OA 
2 
1 
O-V 
· · · · 


R · 
Set Carry 
SEC 
00 
2 
1 
l-C 
· · · · · 


S 


Set Interrupt 
Mask 
SEI 
OF 
2 
1 
1 
I 
· 


S · · · · 


Set Overflow 
SEV 
OB 
2 
, 
I-V 
· · · · 


S · 
Accumulator 
A - 
CCR 
TAP 
06 
2 
1 
A-CCR 
I 
I 
I 
I 
I 
I 


CCR - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR-A 
· · · · · · 


LEGEND 


Op 
Operation 
Code 
IHexadecimall 


Number 
of MPU 
Cycles 


MSp 
Contents 
of memory 
location 
pointed 
to by Stack Pointer 


, 
Number 
of Program 
Bytes 


+ 
Arithmetic 
Plus 


ArithmetIC 
Minus 


• 
Boolean 
AND 


X 
ArithmetiC 
Multiply 


+ 
800lean 
Inclusive OR 


• 
Boolean 
Exclusive OR 


M 
Complement 
of M 
Transfer 
Into 


o 
B'I=Zero 


00 
Byte = Zero 


CONDITION 
CODE SYMBOLS 


H 
Half-carry 
from bit 3 
I 
Interrupt 
mask 


N 
Negative 
(sign 
bill 


Z 
Zero 
(byte) 


V 
Overflow, 
2's complement 


C 
Carry/Borrow 
from 
MSB 


R 
Reset Always 


S 
Sel Always 
I 
Affecled 


• 
Not Affected 


• 


• 


ADDRESSING MODE 
! 
.., 
.. 
c 
" 
'6 
" 
.., 
ti 
.., 
" 
f! 
> 
" 
c: 
.. 
';: 
E 
f! 
! 
" 
" 


.l! 
E 
.. 
.., 
~ 
" 
is 
w 
.E 
.E 
a: 


ABA 
• 
• 
• 
• 
2 
• 
ABX 
• 
• 
• 
• 
3 
• 
ADC 
2 
3 
4 
4 
• 
• 
ADD 
2 
3 
4 
4 
• 
• 
ADDD 
4 
5 
6 
6 
• 
• 
AND 
2 
3 
4 
4 
• 
• 
ASl 
• 
• 
6 
6 
2 
• 
ASlD 
• 
• 
• 
• 
3 
• 
ASA 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 
BCS 
• 
• 
• 
• 
• 
3 
BEG 
• 
• 
• 
• 
• 
3 
BGE 
• 
• 
• 
• 
• 
3 
BGT 
• 
• 
• 
• 
• 
3 
BHI 
• 
• 
• 
• 
• 
3 
BHS 
• 
• 
• 
• 
• 
3 
BIT 
2 
3 
4 
4 
• 
• 
BlE 
• 
• 
• 
• 
• 
3 
BlO 
• 
• 
• 
• 
• 
3 
BlS 
• 
• 
• 
• 
• 
3 
BlT 
• 
• 
• 
• 
• 
3 
BMI 
• 
• 
• 
• 
• 
3 
BNE 
• 
• 
• 
• 
• 
3 
BPl 
• 
• 
• 
• 
• 
3 
BAA 
• 
• 
• 
• 
• 
3 
BAN 
• 
• 
• 
• 
• 
3 
BSA 
• 
• 
• 
• 
• 
6 
BVC 
• 
• 
• 
• 
• 
3 
BVS 
• 
• 
• 
• 
• 
3 
CBA 
• 
• 
• 
• 
2 
• 
ClC 
• 
• 
• 
• 
2 
Cli 
• 
• 
• 
• 
2 
ClA 
• 
• 
6 
6 
2 
ClV 
• 
• 
• 
• 
2 
CMP 
2 
3 
4 
4 
• 
COM 
• 
• 
6 
6 
2 
CPX 
4 
5 
6 
6 
• 
DAA 
• 
• 
• 
• 
2 
DEC 
• 
• 
6 
6 
2 
DES 
• 
• 
• 
• 
3 
DEX 
• 
• 
• 
• 
3 
EOA 
2 
3 
4 
4 
• 
INC 
• 
• 
6 
6 
• 
INS 
• 
• 
• 
• 
3 


ADDRESSING MODE 
! 
.., 
.. 
~ 
" 
'6 
" 
.., 
c: 
ti 
.., 
" 
; 
.~ 
" 
c: 
.. 
E 
f! 
! 
" 
.. 
.., 
~ 
'i 
E 
is 
.. 
.E 
.E 
a: 
w 


INX 
• 
• 
• 
• 
3 
• 
JMP 
• 
• 
3 
3 
• 
• 
JSA 
• 
5 
6 
6 
• 
• 
lDA 
2 
3 
4 
4 
• 
• 
lDD 
3 
4 
5 
5 
• 
• 
lDS 
3 
4 
5 
5 
• 
• 
lDX 
3 
4 
5 
5 
• 
• 
lSl 
• 
• 
6 
6 
2 
• 
lSlD 
• 
• 
• 
• 
3 
• 
lSA 
• 
• 
6 
6 
2 
• 
lSAD 
• 
• 
• 
• 
3 
• 
MUl 
• 
• 
• 
• 
10 
• 
NEG 
• 
• 
6 
6 
2 
• 
NOP 
• 
• 
• 
• 
2 
• 
OAA 
2 
3 
4 
4 
• 
• 
PSH 
• 
• 
• 
• 
3 
• 
PSHX 
• 
• 
• 
• 
4 
• 
PUl 
• 
• 
• 
• 
4 
• 
PUlX 
• 
• 
• 
• 
5 
• 
AOl 
• 
• 
6 
6 
2 
• 
AOA 
• 
• 
6 
6 
2 
• 
All 
• 
• 
• 
• 
10 
• 
ATS 
• 
• 
• 
• 
5 
• 
SBA 
• 
• 
• 
• 
2 
• 
SBC 
2 
3 
4 
4 
• 
• 
SEC 
• 
• 
• 
• 
2 
• 
SEI 
• 
• 
• 
• 
2 
• 
SEV 
• 
• 
• 
• 
2 
• 
STA 
• 
3 
4 
4 
• 
STD 
• 
4 
5 
5 
• 
STS 
• 
4 
5 
5 
• 
STX 
• 
4 
5 
5 
• 
SUB 
2 
3 
4 
4 
• 
SUBD 
4 
5 
6 
6 
• 
SWI 
• 
• 
• 
• 
12 
TAB 
• 
• 
• 
• 
2 
TAP 
• 
• 
• 
• 
2 
TBA 
• 
• 
• 
• 
2 
TPA 
• 
• 
• 
• 
2 
TST 
• 
• 
6 
6 
2 
TSX 
• 
• 
• 
• 
3 
TXS 
• 
• 
• 
• 
3 
WAI 
• 
• 
• 
• 
9 
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Table 
14 provides 
a detailed 
description 
of the 
information 


present 
on 
the 
address 
bus, 
data 
bus, 
and 
the 
read/write 


IR/WI 
line 
during 
each 
cycle 
of 
each 
instruction. 


The 
information 
is 
useful 
in 
comparing 
actual 
with 
ex- 


pected 
results 
during 
debug 
of 
both 
software 
and 
hardware 


as the 
program 
is executed. 
The 
information 
is categorized 
in 


groups 
according 
to addressing 
mode 
and 
number 
of cycles 


per 
instruction. 
In 
general, 
instructions 
with 
the 
same 
ad- 


dressing 
mode 
and 
number 
of 
cycles 
execute 
in 
the 
same 


manner. 
Exceptions 
are 
indicated 
in the 
table. 


Note 
that 
during 
MPU 
reads 
of 
internal 
locations, 
the 


resultant 
value 
will 
not 
appear 
on 
the 
external 
data 
bus 
ex- 


cept 
in 
mode 
o. 
"High 
order" 
byte 
refers 
to 
the 
most- 


significant 
byte 
of 
a 16-bit 
value. 


ADC 
EOR 
2 
1 
Opcode 
Address 
, 
Opcode 


ADD 
LOA 
2 
Opcode 
Address 
+ , 
, 
Operand 
Data 


AND 
ORA 


BIT 
SBC 


CMP 
SUB 


LOS 
3 
1 
Opcode 
Address 
, 
Opcode 


LOX 
2 
Opcode 
Address 
+ , 
1 
Operand 
Data (High 
Order 
By tel 


LDD 
3 
Opcode 
Address 
+ 2 
1 
Operand 
Data (Low 
Order 
Byte! 


CPX 
4 
, 
Opcode 
Address 
1 
Upcode 


SUBD 
2 
Opcode 
Address 
+ 1 
1 
Operand 
Data (High 
Order 
By tel 


ADDD 
3 
Opcode 
Address 
+ 2 
1 
Operand 
Data (Low 
Order 
Byte! 


4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
3 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address 
+ 1 
1 
Address 
of Operand 


AND 
ORA 
3 
Address of Operand 
1 
Operand 
Data 


BIT 
SBC 
CMP 
SUB 


STA 
3 
, 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ , 
1 
Destination 
Address 
3 
Destination 
Address 
a 
Data from Accumulator 


LOS 
4 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address 
+ 1 
1 
Address of Operand 


LDD 
3 
Address 
of Operand 
1 
Operand 
Data (High 
Order 
Byte! 


4 
Operand 
Address 
+ 1 
1 
Operand 
Data (Low 
Order 
Byte) 


STS 
4 
1 
Opcode 
Address 
1 
Opcode 


STX 
2 
Opcode 
Address 
+ 1 
, 
Address of Operand 


STD 
3 
Address 
of Operand 
a 
Register 
Data (High 
Order 
By tel 


4 
Address 
of Operand 
+ 1 
a 
Register 
Data (Low 
Order 
Byte) 


CPX 
5 
1 
Opcode 
Address 
1 
Opcode 


SUBD 
2 
Opcode 
Address 
+ , 
1 
Address 
of Operand 


ADDD 
3 
Operand 
Address 
1 
Operand 
Data (High 
Order 
Byte) 


4 
Operand 
Address+ 
1 
1 
Operand 
Data I Low 
Order 
Byte) 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
5 
, 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ , 
1 
Irrelevant 
Data 
3 
Subroutine 
Address 
, 
First Subroutine 
Gpeode 


4 
Stack Pointer 
a 
Return Address (Low Order Byte) 


5 
Stack Pointer- 
1 
a 
Return 
Address 
(High 
Order 
By tel 
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• 


II 


Address 
Mod. 
and 
Instructions 


EXTENDED 


TABLE 
14 - 
CYCLE-BY-CYCLE 
OPERATION 
(Sheet 
2 of 5) 


R/W 


Line 


JMP 
3 
1 
OpGode Address 
1 
OpGode 


2 
OpGode Address 
+ 1 
1 
Jump 
Address 
(High 
Order 
Byte) 
3 
OpGode Address 
+ 2 
1 
Jump 
Address 
(Low 
Order 
Byte) 


ADC 
EOR 
4 
1 
OpGode Address 
1 
OpGode 
ADD 
LOA 
2 
OpGode Address 
+ 1 
1 
Address 
of Operand 
AND 
ORA 
3 
OpGode Address+ 
2 
1 
Address of Operand 
(Low Order Byte} 


BIT 
SBC 
4 
Address of Operand 
1 
Operand 
Data 
CMP 
SUB 


STA 
4 
1 
OpGode Address 
1 
OpGode 


2 
OpGode Address 
+ 1 
1 
Destination 
Address 
(High Order Byte) 


3 
Opcode 
Address 
+ 2 
1 
Destination 
Address 
(Low Order By tel 


4 
Operand 
Destination 
Address 
0 
Data from Accumulator 


LDS 
5 
1 
OpGode Address 
1 
OpGode 
LDX 
2 
OpGode Address 
+ 1 
1 
Address of Operand 
(High Order Byte) 


LDD 
3 
OpGode Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte! 


4 
Address 
of Operand 
1 
Operand 
Data (High 
Order 
Byte) 


5 
Address 
of Operand 
+ 1 
1 
Operand 
Data (Low 
Order By tel 


STS 
5 
1 
OpGode Address 
1 
OpGode 
STX 
2 
OpGode Address 
+ 1 
1 
Address 
of Operand 
IHigh Order 
Byte) 


STD 
3 
OpGode Address 
+ 2 
1 
Address of Operand 
I Low Order Byte) 


4 
Address of Operand 
0 
Operand 
Data IHlgh 
Order 
Byte) 


5 
Address of Operand + 1 
0 
Operand 
Data (Low 
Order Byte) 


ASL 
LSR 
6 
1 
OpGode Address 
1 
OpGode 
ASR 
NEG 
2 
OpGode Address 
+ 1 
1 
Address 
of Operand 
tHigh 
Order 
Byte) 
CLR 
ROL 
3 
OpGode Address 
+ 2 
1 
Address of Operand 
(Low Order Byte) 
COM 
ROR 
4 
Address of Operand 
1 
Current 
Operand 
Data 
DEC 
TST* 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
INC 
6 
Address of Operand 
0 
New Operand 
Data 


CPX 
6 
1 
OpGode Address 
1 
OpGode 
SUBD 
2 
OpGode Address 
+ 1 
1 
Operand 
Address 
IHigh Order 
By tel 
ADDD 
3 
OpGode Address 
+ 2 
1 
Operand 
Address 
ILow 
Order 
Byte) 
4 
Operand 
Address 
1 
Operand 
Data (High Order 
Byte) 
5 
Operand 
Address + 1 
1 
Operand 
Data (Low Order Byte) 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
6 
1 
Opcode 
Address 
1 
OpGode 
2 
OpGode Address 
+ 1 
1 
Address of SubroutIne 
(High 
Order Byte) 
3 
OpGode Address 
+ 2 
1 
Address of Subroutine 
(Low 
Order By tel 
4 
Subroutine 
Starting 
Address 
1 
Opcode of Next Instruction 
5 
Stack POinter 
0 
Return Address (Low Order Byte) 


6 
Stack POlnter- 
1 
0 
Return Address (High 
Order Byte) 
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Address 
Mode 
and 


Instructions 


INDEXED 


TABLE 
14 - 
CYCLE-BY-CYCLE 
OPERATION 
(Sheet 
3 of 51 


R/IN 


Line 


JMP 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


ADC 
EOR 
4 
1 
Opcode 
Address 
1 
Opcode 
ADD 
LOA 
2 
Opcode 
Address 
+ , 
, 
Offset 


AND 
ORA 
3 
Address 
Bus FFFF 
, 
Low 
Byte 
of Restart 
Vector 


BIT 
SBC 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
, 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ , 
1 
Offset 
3 
Address 
Bus FFFF 
, 
Low 
Byte of Restart 
Vector 
4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 


LOS 
5 
, 
Opcode 
Address 
, 
Opcode 


LOX 
2 
Opcode 
Address 
+ , 
, 
Offset 


LDD 
3 
Address 
Bus FFFF 
, 
Low 
Byte 
of Restart 
Vector 


4 
Index 
Register 
Plus Offset 
1 
Operand 
Data (High 
Order 
By tel 


5 
Index 
Reaister 
Plus Offset + 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
, 
Opcode 
Address 
, 
Opcode 
STX 
2 
Opcode 
Address 
+ , 
1 
Offset 


STD 
3 
Address 
Bus FFFF 
, 
Low 
Byte of Restart 
Vector 
4 
Index 
Register 
Plus Offset 
0 
Operand 
Data (High 
Order 
Byte) 


5 
Index 
Register 
Plus Offset+ 
1 
0 
Operand 
Data (Low 
Order 
By tel 


ASL 
LSR 
6 
, 
Opcode 
Address 
1 
Opcode 


ASR 
NEG 
2 
Opcode 
Address 
+ 1 
, 
Offset 


CLR 
ROL 
3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


COM 
ROR 
4 
Index 
Register 
Plus Offset 
1 
Current 
Operand 
Data 


DEC 
TST" 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


INC 
6 
Index 
Register 
Plus Offset 
0 
New 
Operand 
Data 


CPX 
6 
, 
Opcode 
Address 
, 
Opcode 


SUBD 
2 
Opcode 
Address 
+ , 
1 
Offset 


ADDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Index 
Register + Offset 
1 
Operand 
Data (High 
Order 
By tel 


5 
Index 
Register + Offset + 1 
1 
Operand 
Data (Low 
Order 
By tel 


6 
Address 
Bus FFFF 
Low 
Byte 
of Restart 
Vector 


JSR 
6 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ , 
1 
Offset 
3 
Address 
Bus FFFF 
, 
Low 
Byte of Restart 
Vector 


4 
Index 
Register + Offset 
1 
First Subroutine 
Opcode 
5 
Stack 
Pointer 
0 
Return 
Address 
{Low 
Order 
By tel 


6 
Stack 
Pointer 
- 1 
0 
Return 
Address 
{High 
Order 
By tel 
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I 


II 


ABA 
DAA 
SEC 
2 
1 
Opeode 
Address 
1 
Opeode 


ASL 
DEC 
SEI 
2 
Opeode 
Address + 1 
1 
Gpeode 
of Next Instruct,on 


ASR 
INC 
SEV 


CBA 
LSR 
TAB 
CLC 
NEG 
TAP 


Cli 
NOP 
TBA 
CLR 
ROL 
TPA 


CLV 
ROR 
TST 


COM 
SBA 


ABX 
3 
1 
Opeode 
Address 
1 
Opeode 


2 
Gpeode Address + 1 
1 
Irrelevant 
Data 


3 
Address 
Bus FF FF 
1 
Low Byte of Restart Vector 


ASLD 
3 
1 
Gpeode 
Address 
1 
Opeode 


LSRD 
2 
Opeode 
Address + 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


DES 
3 
1 
Opeode 
Address 
1 
Opeode 


INS 
2 
Gpeode Address + 1 
1 
Gpeode 
of Next Instruction 


3 
PrevIous Stack POinter Contents 
1 
Irrelevant 
Data 


INX 
3 
1 
Gpeode 
Address 
1 
Opeode 


DEX 
2 
Gpeode 
Address + 1 
1 
Gpeode 
of Next 
InstructIon 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PSHA 
3 
1 
Opeode 
Address 
1 
Opeode 


PSHB 
2 
Gpeode Address + , 
1 
Gpeode of Next Instruction 
3 
Stack POinter 
0 
Accumulator 
Data 


TSX 
3 
1 
Opeode 
Address 
1 
Opeode 


2 
Gpeode Address + 1 
1 
Gpeode 
of Next Instruction 
3 
Stack POinter 
1 
Irrelevant 
Data 


TXS 
3 
1 
Opeode 
Address 
1 
Opeode 


2 
Gpeode 
Address + 1 
1 
Gpeode of Next InstructIon 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PULA 
4 
1 
Opeode 
Address 
1 
Ope ode 


PULB 
2 
Gpeode Address + 1 
1 
Gpeode 
of Next Instruction 
3 
Stack Pomter 
1 
Irrelevant 
Data 
4 
Stack Pomter + 1 
1 
Operand 
Data from Stack 


PSHX 
4 
1 
Opeode 
Address 
1 
Opeode 
2 
Opeode 
Address + 1 
1 
Irrelevant Data 
3 
Stack POinter 
0 
Index Register (Low Order Byte) 


4 
Stack POlnter-l 
0 
Index 
Register 
(High 
Order 
By tel 


PULX 
5 
1 
Opeode 
Address 
1 
Opeode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Stack POinter 
1 
Irrelevant 
Data 
4 
Stack POinter + 1 
1 
Index 
Register 
tHigh 
Order 
Byte) 


5 
Stack POlnter+2 
1 
Index Register (Low Order Byte) 


RTS 
5 
1 
Opcode Address 
1 
Opeode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Stack POinter 
1 
Irrelevant 
Data 
4 
Stack POinter + 1 
1 
Address of Next Instruction 
(High Order Byte) 


5 
Stack POinter + 2 
1 
Address of Next Instruction 
(Low Order By tel 


WAI 
9 
1 
Opeode 
Address 
1 
Opeode 
2 
Opcode 
Address + 1 
1 
Opcode 
of Nex t Instruct!on 


3 
Stack POInter 
0 
Return Address fLow Order Byte) 


4 
Stack POlnter-l 
0 
Return Address (High Order Byte) 
5 
Stack POinter - 2 
0 
Index Reglst~r 
(Low Order Byte) 
6 
Stack POinter - 3 
0 
Index RegIster (High Order 8ytel 


7 
Stack POInter - 4 
0 
Contents 
of Accumulator 
A 


8 
Stack POInter - 5 
0 
Contents 
of Accumulator 
B 


9 
Stack POInter - 6 
0 
Contents 
of ConditIon 
Code Register 
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Address 
Mode 
end 


Instructions 


INHERENT 


MUL 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 
4 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
5 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
7 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 
8 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


9 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


10 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


RTI 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Stack Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer+ 
1 
1 
Contents 
of Condition 
Code 
Register 
from 
Stack 
5 
Stack 
Pointer + 2 
1 
Contents 
of Accumulator 
8 from 
Stack 


6 
Stack Pointer+3 
1 
Contents 
of Accumulator 
A from 
Stack 


7 
Stack 
Pointer + 4 
1 
Index 
Register 
from 
Stack 
(High 
Order 
By tel 


8 
Stack 
Pointer+5 
1 
Index Register from 
Stack (Low 
Order Byte) 


9 
Stack 
Pointer+6 
1 
Next 
Instruction 
Address 
from 
Stack 
lHigh 
Order 
By tel 


10 
Stack 
Pointer + 7 
1 
Next 
Instruction 
Address 
from 
Stack 
(Low 
Order 
Byte) 


SWI 
12 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


4 
Stack 
Pointer-l 
0 
Return 
Address 
(High 
Order 
By tel 
5 
Stack 
Pointer- 
2 
0 
Index 
Register 
(Low 
Order 
Byte) 


6 
Stack 
Pointer- 
3 
0 
Index 
Regisler 
(High 
Order 
Byte) 


7 
Stack 
Pointer 
- 4 
0 
Contents 
of Accumulator 
A 
8 
Stack 
Pointer-5 
0 
Contents 
of Accumulator 
B 
9 
Stack 
Pointer 
- 6 
0 
Contents 
of Condition 
Code 
Register 


10 
Stack 
Pointer- 
7 
1 
Irrelevant 
Data 


11 
Vector 
Address 
FFFA 
(Hexl 
1 
Address 
of Subroutine 
(High 
Order 
Byte) 


12 
Vector 
Address 
FFFB I Hexl 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


Bee 
BHT 
BNE· 
BLO 
3 
1 
Opcode 
Address 
1 
Opcode 


BeS 
BLE 
BPL 
BHS 
2 
Opcode 
Address + 1 
1 
Branch 
Offset 


BEG 
BLS 
BRA 
BRN 
3 
Address 
Buss FFFF 
1 
Low 
Byte of Restart 
Vector 


BGE 
BLT 
BVe 


BGT 
BMI 
BVS 


BSR 
6 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Branch 
Offset 
3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


4 
Subroutine 
Starting 
Address 
1 
Opcode 
of Next 
Instruction 
5 
Stack 
POinter 
0 
Return 
Address 
(Low 
Order 
Byte) 


6 
Stack 
POinter - 
1 
0 
Return 
Address 
(HIgh 
Order 
Byte) 
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SWI, Software Interrupt 
Main Program 
SP 


~ 
S3F: SWI I¢-' 


SP-7 


RTN 
SP-6 


SP-S 


SP-4 


SP-3 


WAI. Wait for Interrupt 
Main Program 
SP-2 
~ 
I¢ 


SP-l 
S3E=WAI 


RTN 
SP 


RTI, Return from Interrupt 
Interrupt Program 
~ 


E>; 


I 


S3B= RTI Ie) 


SP 


SP+ 1 


SP+2 


SP+3 


SP+4 


SP+S 


SP+6 
.... 
SP+ 7 


JSR, Jump to Subroutine 


I 


e>; 


Main Program 


S90=JSR 


Direct 
K 


RTN 
Next Main lnstr. 


K = Direct Address 


Main Program 
~ 
Stack 


I 


E>; 
SAO=JSR 
-. SP-2rn 


s:: 
INOXO 
K= Offset 
¢ 


SP-l 
RTNH 
0-l 
RTN 
Next Main Instr. 
SP 
RTNL 
0 
:Jl0 
> 


I 


Main Program 


s:: 


Ef 
SBO=JSR 
c:; 
SH:II:Subr. Addr. 


EXTNO 
~ 
:Jl 
SL = Sub•. Add•. 
0 
N ~ 
RTN 
Ne>.t Main Inst. 
00 
:Jl00m 
BSR. Branch To Subroutine 
CIl 
Main Program 
g> 
Stack 
CIl0 
~ 
SBO= BSR ¢-. 


SP-2 
:Jl 


± K=Offset 
sp_'rn 
C 


~ 


RTN 
Next Main Instr. 
SP 
RTNL 


RTS, Return from Subroutine 
Subroutine 
~ 
Stack 


Ef 
S39= RTS 


I ¢ "rn 


SP+ 1 
RTNH 
...• 
SP+ 2 
RTNL 


Legend: 


RTN"" Address of next instruction in Main Program to be executed upon return from subroutine 
RTNH:Z: Most significant byte of Return Address 
RTNl = least significant byte of Return Address 
- 
= Stack Pointer After Execution 
K = 8·bit Unsigned Value 


I 


E>; 


X+K 


Condition Code 


AcmltrB 


AcmltrA 


Index Register IXHI 


Index Register IXl' 


RTNH 


RTNL 


Condition Code 


AcmttrB 


AcmltrA 


Index Register (XH) 


Index Register (XLI 


RTNH 


RTNL 


Main Program 


S7E= JMP 


K H -= Next Address 


Kl = Next Address 


The following 
information 
is required 
when 
ordering 
a custom 
MCU. The information 
may be transmitted 
to 
Motorola 
using 
the following 
media: 
MOOS, 
disk file 
PC-DOS 
disk file 
(360K) 
EPROM(s) 
2516, 2716, MC68701 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to first contact 
the local field 
service 
office, 
sales person, 


or a Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MDOS® 
or 
PC-DOS 
disk file) may be submitted 
for pattern 
generation. 
They 
should 
be programmed 
with 
the 
customer's 
program, 


using 
positive 
logic 
sense 
for 
address 
and 
data. 
The 
diskette 
should 
be clearly 
labeled 
with 
the customer's 


name, 
date, 
project 
or product 
name, 
and the filename 
containing 
the pattern. 
In addition 
to the 
program 
pattern, 
a file 
containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data will 
be kept confidential 
and used to expedite 
the 
process 
in case of any difficulty 
with 
the pattern 
file. 


MOOS 
Disk 
File 


MOOS 
is Motorola's 
Disk Operating 
System 
available 
on the EXORciser@ 
development 
system. 
The disk 
me- 
dia submitted 
must 
be a single-sided, 
single-density, 
8- 


inch MOOS compatible 
floppy 
diskette. 
The diskette 
must 
contain 
the 
minimum 
set of MOOS 
system 
files 
in ad- 


dition 
to the pattern 
file. 


The .lO 
output 
of the M6801 
cross 
assembler 
should 
be furnished. 
In addition, 
the 
file 
must 
be 
produced 
using 
the 
ROLLOUT 
command, 
so that 
it contains 
the 
absolute 
image 
of the 
M6801 
memory. 
It is necessary 
to 
include 
the 
entire 
memory 
image 
of both 
program 
and data space. All unused 
bytes, 
including 
those 
in the 
user space, 
must 
be set in logic 
zero. 


PC· DOS Disk 
File 


PC-DOS 
is the 
IBM' 
Personal 
Computer 
Disk 
Oper- 


ating 
System. 
Disk media 
submitted 
must 
be standard 
density 
(360K), double-sided 
5-1/4 inch compatible 
floppy 


diskette. 
The diskette 
must 
contain 
the object 
file 
code 


in Motorola's 
S-record 
format. 
The S-record 
format 
is 
a character-based 
object 
file format 
generated 
by M6801 
cross assemblers 
and linkers 
on IBM PC style machines. 


EPROMS 


A single 
2K EPROM 
is necessary 
to contain 
the entire 


MC6801 
program. 
The EPROM is programmed 
with 
the 


customer 
program 
using 
positive 
logic 
sense 
for 
ad- 


dress 
and 
data. 
All 
unused 
bytes, 
including 
the user's 


space, 
must 
be set to zero. 


If the 
MC6801 
MCU 
ROM 
pattern 
is submitted 
on a 
single 
2516 
or 
2716 
type 
EPROM. 
memory 
map 
ad- 


dressing 
is one-for-one. 
The data space ROM runs from 


EPROM 
address 
$000 to $7FF. If an MC68701 
is used, 


the ROM 
map 
runs 
from 
$F800 to $FFFF. 


For shipment 
to Motoro!a, 
EPROMs should 
be placed 
in a conductive 
IC carrier 
and 
packed 
securely. 
Styro- 


foam 
is not acceptable 
for shipment. 


Verification 
Media 


All 
original 
pattern 
media, 
EPROMs 
or floppy 
disks, 


are filed 
for contractual 
purposes 
and are not returned. 


A computer 
listing 
of the ROM code will 
be generated 


and returned 
along 
with 
a listing 
verification 
form. 
The 
listing 
should 
be thoroughly 
checked 
and the verifica- 
tion form 
completed, 
signed, 
and returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the contractual 


agreement 
for 
the 
creation 
of the 
customer 
mask. 
To 
aid 
in the 
verification 
process, 
Motorola 
will 
program 


customer 
supplied 
blank 
EPROM(s) 
or DOS disks 
from 


the data file 
used to create 
the custom 
mask. 


ROM Verification 
Units 
(RVUs) 


Ten 
MCUs 
containing 
the 
customer's 
ROM 
pattern 


will 
be sent 
for 
program 
verification. 
These 
units 
will 
have been made 
using 
the custom 
mask, but are for the 
purpose 
of ROM verification 
only. 
For expediency, 
the 
MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 


with 
five 
volts 
at room 
temperature. 
These 
RVUs 
are 
free with 
the minimum 
order 
quantity, 
but are not pro- 


duction 
parts. 
These 
RVUs are not guaranteed 
by Mo- 


torola 
Quality 
Assurance. 


Ordering 
Information 


The following 
table 
provides 
generic 
information 
per- 
taining 
to 
the 
package 
type 
and 
temperature 
for 
the 
MC6801/MC6803. 
This 
MCU 
device 
is available 
only 
In 
the 40-pin 
dual-in-line 
(DIP) package 
in the Cerdip 
and 
Plastic 
packages. 


MDDS is a trademark of Motorola 
Inc. 
MS-DOS is a trademark of Microsoft, 
Inc. 


EXORciser is a registered trademark of Motorola 
Inc. 


IBM is a registered trademark of International 
Business 
Machines Corporation. 


Frequency 
Temperature 
Cerdip Package 
Plastic Package 


(MHz) 
(Degrees C) 
(S Suffix) 
(P Suffix) 


1.0 
o to 70 
MC6801S' 
MC6801Pl 
10 
-40 
to +85 
MC6801CSl 
MC6801CPl 


1.25 
o to 70 
MC6801S1·1 
MC6801Pl·1 
125 
-40 
to +85 
MC6801CS-1 
MC6801CP-' 


2.0 
o to 70 
MC68B01S1 
MC68B01Pl 


1.0 
o to 70 
MC6803S 
MC6803P 


1.0 
-40 
to +85 
MC6803CS 
MC6803CP 


1.25 
o to 70 
MC6803S-1 
MC6803P-' 


1.25 
-40 
to +85 
MC6803CS-l 
MC6803CP-1 


2.0 
o to 70 
MC68B03S 
MC68B03P 
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VSS 


XTAL 
39 
SCl 


EXTAL' 
38 
SC2 
~ 
4 
37 
PJO 


Tmr1 
5 
P31 
lrrm 
6 
P32 


P33 


P34 


P35 


P22 
P36 


P23 
11 
P37 
I 


P24 
12 
P40 


P10 
13 
P41 


Pll 
14 
P42 


P12 
15 
P43 


P13 
16 
P44 


P14 
17 
P45 


P15 
18 
P46 


P16 
19 
P47 


P17 
20 
VCC 
Standby 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 
MC6801U4 
MC6803U4 
Advance Information 
Microcontroller/Microprocessor (MCU/MPU) 


The MC6801U4 
is an 8-bit single-chip 
microcontroller 
unit(MCU) 
that enhances 
the capabilities 
of 
the MC6801 and significantly 
enhances 
the capabilities 
of the M6800 
Family 
of parts. 
It includes 
an 
MC6801 
microprocessor 
unit (MPU) with 
direct 
object-code 
compatibility 
and upward 
object-code 


compatibility 
with 
the MC6800. Execution 
times 
of key instructions 
have been improved 
over the 
MC6800, 
and the new instructions 
found 
on the MC6801 are included. 
The MCU can function 
as a 
monolithic 
microcontroller 
or can be expanded 
to a 64K-byte 
address 
space. It is TIL 
compatible 


and requires 
one + 5-volt 
power 
supply. 
On-chip 
resources 
include 
4096 bytes of ROM, 192 bytes of 
RAM, a serial communications 
interface 
(SCI), parallel 
I/O, and a 16-bit six-function 
programmable 
timer. 
The MC6803U4 
can be considered 
an MC6801 U4 operating 
in modes 
2 or 3; i.e., those 
that 
do not use internal 
ROM. 


• 
Enhanced 
MC6800 Instruction 
Set 


• 
Upward 
Source 
and Object 
Code Compatibility 
with 
the MC6800 and MC6801 


• 
Bus Compatibility 
with 
the M6800 Family 


• 
8 x 8 Multiply 
Instruction 


• 
Single-Chip 
or Expanded 
Operation 
to 64K-Byte 
Address 
Space 


• 
Internal 
Clock Generator 
with 
Divide-by-Four 
Output 


• 
Serial 
Communications 
Interface 
(SCI) 


• 
16-Bit Six-Function 
Programmable 
Timer 


• 
Three Output 
Compare 
Functions 


• 
Two Input 
Capture 
Functions 


• 
Counter 
Alternate 
Address 


• 
4096 Bytes of ROM (MC6801 U4) 


• 
192 Bytes of RAM 


• 
32 Bytes of RAM Retainable 
During 
Powerdown 


• 
29 Parallel 
I/O and Two Handshake 
Control 
Lines 


• 
NMI Inhibited 
Until 
Stack Load 


• 
-40°C 
to 85°C Temperature 
Range 
• 
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• 


Expanded Multiplexed 
r= Expanded 
Non-Multiplexed 


I 
I 
Single Chip 


P37 
A7/07 
07 
110 


P36 
A6/06 
06 
110 


P35 
A5/05 
05 
110 


P34 
A4/04 
D4 
110 


P33 
A3/03 
03 
110 


P32 
A2/02 
02 
110 
IRQl 
P31 
Al/01 
01 
110 
P30 
AD/DO 
DO 
110 
SC2 
R/W 
R/W 
053 


SC1 
AS 
105 
iS3 


TIN 1 
110 


TOUT! 
110 


SCLK 
110 


ROATA 
110 


TDATA 
110 


P47 
A15 
A7 
110 
PID 
TIN2 
110 


P46 
A14 
A6 
110 
Pll 
TOUT2 
110 


P45 
A13 
A5 
110 
P12 
TOUTJ 
110 


P44 
A12 
A4 
110 
P13 
110 


P43 
All 
A3 
110 
P14 
110 


P42 
AlO 
A2 
110 
P15 
110 


P41 
A9 
Al 
110 
P16 
110 


P4Q 
AS 
AD 
110 
P17 
110 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
-0.3 
to 
+ 7.0 
V 


Input 
Voltage 
Vin 
-0.3 
to 
+ 7.0 
V 


Operating 
Temperature 
Range 
TA 
TL to TH 
·C 
MC6801U4, 
MC6803U4 
-0 
to 70 
MC6801 
U4C, 
MC6803U4C 
-40 
to 85 


Storage 
Temperature 
Range 
TstQ 
-55to 
+150 
·C 


Characteristic 
Symbol 
Value 
Rating 


Thermal 
Resistance 
eJA 
·CIW 
Plastic 
50 
Ceramic 
50 


The average 
chip-junction 
temperature, 
TJ' in·C 
can be obtained 
from: 


TJ=TA+(PDoSJA) 


where: 


TA 
SJA 


PD 
PINT 
PPORT 


= Ambient 
Temperature, 
·C 


= Package Thermal 
Resistance, 
Junction-to-Ambient,OCIW 


= PINT+ PPORT 
= ICC x VCC' Watts - 
Chip Internal 
Power 


= Port Power 
Dissipation. 
Watts - 
User Determined 


For most applications 
PPORT<PINTand 
can be neglected. 
PPORT may become significant 
if the device is configured 
to drive 
Darlington 
bases or sink LED loads. 


An approximate 
relationship 
between 
PD and TJ (if PPORT is neglected) 
is: 


PD=K-i-(TJ+273·C) 
(2) 


Solving 
equations 
(1) and (2) for K gives: 


K = PD ° (TA + 273°C) + 8JAoPD2 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. K can be determined 
from 
equation 
(3) by measuring 
PD (at 


equilibrium) 
for a known 
TA Using this value 
of K. the values 
of PD and TJ can be obtained 
by solving 
equations 
(1) and (2) iteratively 
for any value of TA 


MC6l101U4 
MC6l101U4-1 


Characteristic 
Symbol 
MC6l103U4 
MC6l103U4-1 
Unit 


Min 
Max 
Min 
Max 


Frequency 
of Operation 
fo 
0.5 
1.0 
0.5 
1.25 
MHz 


Crystal 
Frequency 
fXTAL 
2.0 
4.0 
2.0 
5.0 
MHz 


External 
Oscillator 
Frequency 
4 fo 
2.0 
4.0 
2.0 
5.0 
MHz 


Crystal 
Oscillator 
Startup 
Time 
tre 
- 
100 
- 
100 
ms 


Processor 
Control 
Setup 
Time 
tpcs 
200 
- 
170 
- 
ns 


• 
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II 


MC6801U4, 
MC6801U4C, 


MC6803U4 
MC6803U4C 


Characteristic 
Svmbol 
Min 
Max 
Min 
Max 
Unit 


Input 
High Voltage 
RESET 
VIH 
VSS+4.0 
VCC 
VSS+4.0 
VCC 
V 


Other Inputs * 
VSS +2.0 
VCC 
VSS + 2.2 
VCC 


Input 
Low Voltage 
AlIlnputs* 
VIL 
VSS-03 
VSS + 0.8 
VSS-0.3 
VSS+08 
V 


Input Lo~d Current 
Port4 
lin 
- 
0.5 
- 
08 
mA 


SC1 
- 
0.8 
- 
1.0 


Input 
Leakage 
Current 


IVin~Ot05.5VI 
NMI, 
IR01, 
RESET 
lin 
- 
2.5 
- 
5.0 
p.A 


Hi·Z IOff·State) 
Input 
Current 


1Vin = 0.5 to 2.4 V) 
Port 1, Port 2, Port 3 
ITS 1 
- 
10 
- 
20 
p.A 


Output 
High 
Voltage 


IILoad= 
-65p.A, 
VCC= 
Mini 
Port 4, SC1, SC2 
VOH 
VSS+2.4 
- 
VSS+2.4 
- 
V 


IILoad= 
-100p.A, 
VCC= 
Mini 
Other Outputs 
VSS+2.4 
- 
VSS+2.4 
- 


Output 
Low 
Voltage 


IILoad=2.0mA, 
Vcc=Minl 
All Outputs 
VOL 
- 
VSS + 0.5 
- 
VSS + 0.6 
V 


Darlington 
Drive Current 


IVO~1.5VI 
Port 1 
IOH 
1.0 
4.0 
10 
50 
mA 


Internal 
Power 
Dissipation 


(Measured 
at T A = TL in Steady-State 
Operation)* 
* '* 
PINT 
- 
1200 
- 
1500 
mW 


Input Capacitance 


1Vin=0, 
TA=25°C, 
Port 3, Port 4, SC1 
Cin 
- 
12.5 
- 
12.5 
pF 


fo= 
1.0 MHzl 
Other Inputs 
- 
100 
- 
100 


VCC Standby 
Powerdown 
VS88 
4.0 
5.25 
4.0 
5.25 
V 


Powerup 
VSB 
475 
525 
4.75 
525 


Standby 
Current 
Powerdown 
ISBB 
- 
3.0 
- 
3.5 
mA 


"Except 
mode 
programming 
levels; 
see 
Figure 
16. 
""Negotiable 
to 
-100 
ll-A (for 
further 
information 
contact 
the 
factory). 
"""For 
the 
MC6801U4/MC6803U4lL 
=O·C 
and 
for 
the 
MC6801U4C/MC6803U4C 
TL =40·C. 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Peripheral 
Data 
Setup TIme 
tpDSU 
200 
- 
- 
ns 


Peripheral 
Data Hold Tlme 
tpDH 
200 
- 
- 
ns 


Delay Time. 
Enable Posltlve TranSition to 053 
Negative 
TranSItion 
tOSD1 
- 
- 
350 
ns 


Delay Time. 
Enable PosItive TranSition to 053 
PosItive TranSition 
tOSD2 
- 
- 
350 
ns 


Delay Time. 
Enable Negative 
TranSition 
to Peripheral Data Valid 


Port 1 
tpWD 
- 
- 
350 
ns 


Port 
2, 3. 4 
- 
- 
350 


Delay Time. 
Enable Negative 
Transition 
to Peripheral CMOS 
Data Valid 
tCMOS 
- 
- 
20 
.s 


Input 
Strobe 
Pulse WIdth 
tpWIS 
200 
- 
- 
ns 


Input Data 
Hold Time 
tlH 
50 
- 
- 
ns 


Input Data Setup 
TIme 
tiS 
20 
- 
- 
ns 
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PlO-P17 
P20-P24 
P40-P47 


Inputs* 


tCMOS--j 


tpwox"l( 
It ----07VCC 


All Oata 


PortOutputs_________ 
DataValid 


NOTES 


1 
10 k pullup reSistor required for port 2 to reach 0.7 VCC 
2. Not applicable 
to P21 


3 
Port 4 cannot 
be pulled above VCC 


Figure 2. Data Setup 
and Hold Times 


(MPU 
Write) 


IS3=i",%;,w,,-f_ 


P3O·P37 
Oata Val,d 3< 
Inputs 
----- 
-------- 


• Access 
matches 
output 
strobe 
select 
lOSS = 0, a read; OSS = I, a writel 


NOTE: 
Timing 
measurements 
are referenced 
to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise 
noted. 


'Port 
3 non latched 
operation 
(Latch 
enable 
= 0) 


Figure 1. Data Setup 
and Hold Times 


(MPU 
Read) 


Figure 4. Port 3 latch 
Timing 


(MC6801U4 
Single-Chip 
Model 
vi 


RL=1.8kO 


Test POint 
MMD6150 


or Equl''' 


C 
A 
MMD7000 


or EQul\I 


-= 
"=' 


C = 90 pF for P3O-P37, P40-P47, 
E, SCt, 
SC2 
=30 
pF for Plo-P17, 
P2o-P24 
R=37 
kO for 
P4D-P47 , SC1, 
SC2 
= 24 kO for 
Plo-Pt7, 
P2o-P24 


= 24 kO for P3O-P37, E 


Figure 6. Timing 
Test 


load 
Ports 1, 2, 3, and 4 


• 


Figure 3. Port 3 Output 
Strobe 
Timing 


(MC6801U4 
Single-Chip 
Mode) 
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Ident. 
MC6801U4 
MC6801U4-1 


Number 
Characteristics 
Symbol 
MC6l103U4 
MC6l103U4-1 
Unit 


Min 
Max 
Min 
Max 


1 
Cycle 
Time 
tcyc 
1.0 
2.0 
0.8 
2.0 
pos 


2 
Pulse Width, 
E Low 
PWEL 
430 
1000 
360 
1000 
ns 


3 
Pulse Width, 
E High 
PWEH 
450 
1000 
360 
1000 
ns 


4 
Clock 
Rise and Fall Time 
tr,tf 
- 
25 
- 
25 
ns 


9 
Address 
Hold 
Time 
tAH 
20 
- 
20 
- 
ns 


12 
Nonmuxed 
Address 
Valid 
Time 
to E* 
tAV 
200 
- 
150 
- 
ns 


17 
Read Data 
Setup 
Time 
tDSR 
80 
70 
ns 


18 
Read Data 
Hold 
Time 
tDHR 
10 
- 
10 
- 
ns 


19 
Write 
Data 
Delay Time 
tDDW 
- 
225 
- 
200 
ns 


21 
Write 
Data 
Hold Time 
tDHW 
20 
- 
20 
- 
ns 


22 
Muxed 
Address 
Valid 
Time 
to E Rise· 
tAVM 
160 
- 
120 
- 
ns 


24 
Muxed 
Address 
Valid 
Time 
to AS 
Fall· 
tASL 
40 
- 
30 
- 
ns 


25 
Muxed 
Address 
Hold 
Time 
tAHL 
20 
- 
20 
- 
ns 


26 
Delay 
Time, 
E to AS 
Rise· 
tASD 
200 
- 
170 
- 
ns 


27 
Pulse Width, 
AS 
High· 
PWASH 
100 
- 
80 
- 
ns 


28 
Delay 
Time, 
AS 
to E Rise· 
tASED 
90 
- 
70 
- 
ns 


29 
Usable 
Access 
Time· 
(See Note 
31 
tACC 
555 
- 
435 
- 
ns 


lOS, 


RIW, Address' 
(Nonmuxed) 


NOTES: 


1. Voltage 
levels 
shown 
are VL:s0.5 
V, VH,,2.4 
V, unless 
otherwise 
specified. 


2. 
Measurement 
points 
shown 
are 0.8 V and 2.0 V. unless otherwise 
specified. 


3. Usable 
access 
time 
is computed 
by 22+3-17+4. 


4. 
Memory 
devices should 
be enabled 
only during 
E high to avoid port 3 bus contention. 


5. 
Item 26 is different 
from 
the MC6801 
but it is upward 
compatible. 
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The MC6801 U4 is an 8-bit 
monolithic 
microcontroller 
that can be configured 
to function 
in a wide 
variety 
of 
applications. 
The facility 
that provides 
this extraordinary 
flexibility 
is its ability 
to be hardware 
programmed 
into 
eight 
different 
operating 
modes. 
The operating 
mode 
controls 
the configuration 
of 18 of the 40 MCU pins, avail- 
able on-chip 
resources, 
memory 
map, location 
(internal 
or external) 
of interrupt 
vectors, and type of external 
bus. 


The configuration 
of the 
remaining 
22 pins 
is not de- 


pendent 
on the operating 
mode. 


Twenty-nine 
pins are organized 
as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only 
data direction 
register. 
The data direc- 
tion register 
is used to define whether 
corresponding 
bits 


in the data register 
are configured 
as an input 
(clear) or 
output 
(set). 


The term 
"port" 
by itself refers to all of the hardware 
associated 
with the port. When the port is used as a "data 
port" 
or "I/O 
port:' 
it is controlled 
by the port data di- 
rection 
register 
and the programmer 
has direct access to 
the port 
pins using the port data register. 
Port pins are 
labeled 
as Pij where 
i identifies 
one of four 
ports 
and j 
indicates 
the particular 
bit. 


The MPU is an enhanced 
MC6800 MPU with additional 
capabilities 
and greater 
throughput. 
It is upward 
source 


and 
object-code 
compatible 
with 
the 
MC6800 
and the 
MC6801. The programming 
model 
is depicted 
in Figure 
8 where 
accumulator 
0 is a concatenation 
of accumula- 
tors A and B. A list of new operations 
added to the MC6800 
instruction 
set are shown 
in Table 1. 


The MC6803U4 
can be considered 
an MC6801 U4 that 
operates 
in modes 
2 and 3 only. 


The 
MC6801 U4 
provides 
seven 
different 
operating 
modes 
(modes 
0 through 
3 and 5 through 
7l. and the 


MC6803U4 provides 
two operating 
modes 
(modes 
2 and 
3). The operating 
modes 
are hardware 
selectable 
and 
determine 
the device memory 
map, the configuration 
of 
port 3, port 4, SC1, SC2, and the physical 
location 
of the 
interrupt 
vectors. 


FUNDAMENTAL 
MODES 


The seven operating 
modes 
(0-3, 5-7) can be grouped 
into three fundamental 
modes which 
refer to the type of 
bus it supports: 
single 
chip, expanded 
nonmultiplexed, 
and expanded 
multiplexed. 
Single 
chip 
is mode 
7, ex- 


panded 
nonmultiplexed 
is mode 
5, and the remaining 
5 
are expanded-multiplexed 
modes. 
Table 
2 summarizes 
the characteristics 
of the operating 
modes. 


MC6801U4 
Single-Chip 
Mode 
(7) 


In the single-chip 
mode, the four 
MCU ports 
are con- 
figured 
as parallel 
I/O data ports, 
as shown 
in Figure 9. 


The MCU functions 
as a monolithic 
microcontroller 
in this 
mode 
without 
external 
address 
or data buses. A maxi- 


mum 
of 29 I/O lines 
and two 
port 
3 control 
lines 
are 
provided. 
Peripherals 
or another 
MCU can be interfaced 
to port 3 in a loosely 
coupled 
dual-processor 
configura- 


tion, as shown 
in Figure 
10. 


MC6801U4 
Expanded-Nonmultiplexed 
Mode 
(5) 


A modest 
amount 
of external 
memory 
space is pro- 
vided 
in the expanded-nonmultiplexed 
mode 
while 
sig- 
nificant 
on-chip 
resources 
are retained. 
Port 3 functions 
as an 8-bit bidirectional 
data bus, and port 4 is configured 
initially 
as an input 
data 
port. 
Any 
combination 
of the 
eight 
least-significant 
address 
lines may be obtained 
by 
writing 
to the port 4 data direction 
register. 
Stated alter- 
natively, 
and combination 
of AO to A7 may be provided 
while retaining 
the remainder 
as input data lines. Internal 
pullup 
resistdrs 
pull the port 4 lines high until the port is 
configured. 


~ 
A 
°U 


7 
B 
~ 
B.BIl 
Accumulators 
A and B 


15--------- 
0 --------- 
(} Or 16-BIt DoubleAccumulator 0 


1 


15 
X 
01 Index Register (Xl 


1 


15 
SP 
01 Stack 
POinter ISPI 


1 


15 
PC 
01 Program 
Counter 
(PC) 


Carry / Borrow 
from 
M SB 


Overflow 


Zero 


Negative 


Interrupt 
Half Carry 
(From 
Bit 31 
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Instruction 
Description 


ABX 
Unsigned 
addition 
of accumulator 
B to index register 


ADDD 
Adds (without 
carry) the double accumulator 
to memory 
and leaves the sum in the double accumulator 


ASLD 
or LSLD 
Shifts 
the double 
accumulator 
left 
(towards 
MSBI 
one bit, 
the LSB is cleared, 
and the MSB 
is shifted 
into 
the C bit 


BHS 
Branch 
if higher 
or same, 
unsigned 
conditional 
branch 
Isame as BCCI 


BLO 
Branch 
if lower, 
unsigned 
conditional 
branch 
lsame 
as BCSI 


BRN 
Branch never 


JSR 
Additional 
addressing 
mode 
direct 


LDD 
Loads double accumulator 
from memory 


LSL 
Shifts 
memory 
or accumulator 
left 
(towards 
MSBI 
one bit, 
the LSB is cleared, 
and the MSB 
is shifted 
into 
the C bit 
(same as ASU 


LSRD 
Shifts 
the double 
accumulator 
right 
(towards 
LSB) 
one bit, 
the MSB 
is cleared, 
and the LSB is shifted 
into 
the C bit 


MUL 
Unsigned 
multiply, 
mUltiplies the two accumulators 
and leaves the product in the double accumulator 


PSHX 
Pushes the index register to stack 


PULX 
Pulls the index 
register 
from 
stack 


STD 
Stores the double accumulator 
to memory 


SUBD 
Subtracts 
memory 
from the double accumulator 
and leaves the difference 
in the double accumulator 


CPX 
Internal 
processing modified 
to permit its use with any conditional 
branch instruction 


Single-Chip 
(Mode 
71 
192 bytes 
of RAM, 
4096 bytes 
of ROM 


Port 3 is a parallel 
1/0 
port with 
two 
control 
lines 


Port 4 is a parallel 
1/0 port 


Expended 
Non-Multiplexed 
(Mode 
5) 
192 bytes 
of RAM, 
4096 bytes 
of ROM 
256 bytes 
of external 
memory 
space 


Port 3 is an B-bit data bus 
Port 4 is an input port/address 
bus 


Expended 
Multiplexed 
(Modes 
0,1,2,3,6*1 
Four memory 
space options 
(total 64K address space) 
(1) Internal 
RAM 
and 
ROM with 
partial 
address 
bus (mode 
1) 
(21 Internal 
RAM, 
no ROM 
(mode 
21 
131 Extended 
addressing 
of internal 
1/0 and 
RAM 
(4) Internal 
RAM 
and ROM with 
partial 
address 
bus Imode 
61 


Port 3 is multiplexed 
addressl 
data bus 
Port 4 is address 
bus (inputs/address 
in mode 
61 


Test mode 
(mode 
Ol: 


May be used to test internal 
RAM 
and ROM 


May be used to test ports 3 and 4 as 110 ports by writing 
into mode 7 
Only modes 5, 6, and 7 can be irreversibly entered 
from mode 0 


Resources 
Common 
to All 
Modes 
Reserved register area 
Port 1 inputloutput 
operation 


Port 2 input/output 
operation 


Timer operation 
Serial communications 
interface 
operation 


* The MC6803U4 
operates 
only 
in modes 
2 and 3. 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-138 


PorI 1 


8110 Lines 
16-Bit Timer 


Port 3 
8 I/O 
Lones 


iS3 
~ 


Port 2 
5 I/O 
Lines 


Seri.II/O 
16-Blt Timer 


PorI 1 


B 1/0 


Lines 
16-Bit Timer 


Port 2 


5 I/O 
Lmes 
SCI 


16-Blt 
TImer 


Port 1 
B 1/0 


Lines 


16-Bil 
Timer 


Port 4 
81/0 
Lines 


Figure 
11 illustrates 
a typical 
system 
configuration 
in 
the expanded-nonmultiplexed 
mode. The MCU interfaces 
directly 
with M6S00 family 
parts and can access 256 bytes 
of external 
address 
space at $100 through 
$1 FF. 10S pro- 


vides an address decode of external 
memory 
($100-$1 FF) 


and can be used as a memory-page 
select or chip-select 
line. 


Expanded-Multiplexed 
Modes (0, 1,2, 3, 6) 


A 64K-byte 
memory 
space is provided 
in the expanded- 
multiplexed 
modes. 
In each of the expanded-multiplexed 
modes, 
port 3 functions 
as a time-multiplexed 
address/ 


data bus with 
address 
valid 
on the negative 
edge of ad- 
dress strobe 
(AS) and data valid while 
E is high. In modes 
0, 2, and 3, port 4 provides 
address 
lines AS to A 15. In 
modes 
1 and 6, however, 
port 4 initially 
is configured 
at 
reset 
as an input 
data 
port. 
The 
port 
4 data 
direction 


register 
can then be changed 
to provide 
any combination 
of address 
lines AS to A 15. Stated alternatively, 
any sub- 
set of AS to A 15 can 
be provided 
while 
retaining 
the 


remaining 
port 4 lines as input 
data lines. Internal 
pullup 
resistors 
pull the 
port 
4 lines 
high 
until 
software 
confi- 


gures 
the port. 
In mode 
1, the 
internal 
pullup 
resistors 
will 
hold the upper address 
lines high, producing 
a value 
of $FFXX for a reset vector. 
A simple 
method 
of getting 
the desired 
address 
lines configured 
as outputs 
is to have 
an external 
EPROM 
not fully 
decoded 
so it appears 
at 
two 
address 
locations 
(i.e., $FXXX 
and $BXXX). 
Then, 


when the reset vector 
appears 
as $FFFE, the EPROM will 
be accessed and can point 
to an address 
in the top'$100 
bytes of the internal 
or exteral 
ROM/EPROM 
that will con- 
figure 
port 4 as desired. 


In mode 
0, the reset and interrupt 
vectors 
are located 
at $BFFO-$BFFF. In addition, 
the internal 
and external 
data 
buses are connected; 
therefore, 
there 
must be no mem- 
ory map overlap 
to avoid 
potential 
bus conflicts. 
By writ- 


ing the PCO-PC2 bits in the 
port 
2 data 
register, 
modes 
5,6, and 7 can be irreversibly 
entered from 
mode O. Mode 
o is used primarily 
to verify the ROM pattern 
and to mon- 
itor the internal 
data bus with 
the automated 
test equip- 


ment. 


• 
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• 


I 
.r:-- XTAL 
Port 3 
8 
D 
Port 4 
8 
"'C...- EXTAL 
~ 
/ 
andby_ 
R/W 
E El'- 
MC6801U4 
E 
NM·I_ 


IR01- 
8 
8 
8 
.. 
8 
8 
8 
.. 
.. 
. 


..• 
.. 
~ 
VSS 
RAM 
PIA 
ACIA 


Port 
1 
8 I/O 
Lines 
16-8it 
Timer 


Port 2 
5110 
Lines 
Serial I/O 
16·Bit Timer 


Port 
1 
8 I/O 
16-Bit 
Timer 


Port 2 
5 I/O 
SCI 
Timer 


Port 3 
8 Data 
Lines 


R/Vii 


105 


Port 4 
To 8 
Address 
Lines 


(00-D7) 
(AO-A7) 
'as 
R/Vii 


E 


Only 
the 
MC6801 U4 can operate 
in each of the 
ex- 
panded-multiplexed 
modes. The MC6803U4 operates only 
in modes 
2 and 3. 


Figure 
12 depicts 
a typical 
configuration 
for 
the ex- 
panded-multiplexed 
modes. 
The AS can be used to con- 
trol 
a transparent 
D-type 
latch to capture 
addresses 
AO- 
A7, which 
allows 
port 3 to function 
as a data bus when 
E is high, as shown 
in Figure 
13. 


PROGRAMMING 
THE MODE 


The operating 
mode 
is determined 
at RESET by the 
levels 
asserted 
on P22, P21, and P20. These levels 
are 
latched 
into 
PC2, PC1, and PCO of the program 
control 
register 
on the positive 
edge 
of RESET. The operating 
mode may be read from the port 2 data register, as shown 
below, 
and programming 
levels and timing 
must be met 
as shown 
in Figure 
14. A brief 
outline 
of the operating 
modes 
is shown 
in Table 3. 


Circuitry 
to 
provide 
the 
programming 
levels 
is de- 
pendent 
primarily 
on the 
normal 
system 
usage 
of the 


three 
pins. If configured 
as outputs, 
the circuit 
shown 
in 
Figure 15 may be used; otherwise, 
three-state 
buffers can 
be used to provide isolation while programming 
the mode. 
If diodes 
are used to program 
the mode, 
the diode 
for- 


ward 
voltage 
drop 
must 
not exceed 
the 
VMPDD 
mini- 


mum. 


MEMORY 
MAPS 


The MC6801 U4/MC6803U4 
can provide 
up to 64K-byte 
address 
space, 
depending 
on the 
operating 
mode. 
A 
memory 
map for each operating 
mode is shown 
in Figure 
16. The first 
32 locations 
of each map are reserved 
for 
the internal 
register 
area, as shown 
in Table 4, with 
ex- 


ceptions 
as indicated. 
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Vcc Standby 


RESET 
NMI 
1RQT 


Port 
1 


81/0 
16-8it 
Timer 


Port 2 
51/0 


SCI 
Timer 


Port 
1 
8110 
Lines 
16-8it 
Timer 


Port 3 
8 Lines 
R/WMultiplexed 
Data Address 


Port 2 
5110 
Lines 
Serial 110 
16-Bit 
Timer 


Port 4 
8 Lines 


.Address 
Bus 


Address 
8us 
IAo-A151 


R/W 


Port 3 1 
Addressl 
Data 


• 


I I 
~ 
G 
OC 
01 
01 


SN74LS373 
(Typical) 


DB 
08 
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• 


See Figure 15 


for~DiOdeArrangement 
VMPDD 
,-- 
••• 
V 
IP20. P21. P221" 
MPL 


_____ 
" 
----.- 
Mode 
Latch 


mET 
I 
Level 


VMPH Min 


VMPL Max 


Characteristic 
Symbol 
Min 
Max 
Unit 


Mode Programming 
Input Voltage Low (For TA=~70°C) 
VMPL 
- 
1.8 
V 


Mode Programming Input Voltage High 
VMPH 
4.0 
V 


Mode Programming 
Diode Differential 
(If Diodes are Used) (For TA=~70°C) 
VMPDD 
0.6 
- 
V 


RESET Low Pulse Width 
PWRSTL 
3.0 
E Cycles 


Mode 
Programming 
Setup Time 
tMPS 
2.0 
- 
E Cycles 


Mode Programming Hold Time 


RESETRise Time,,' 
~s 
tMPH 
0 
- 
ns 


RESET Rise Time<' 
~s 
100 
- 


NOTE: 


For TA= -4~85°C. 
VMPL Max= '.7. and VMPDD Min =0.4 


P22 
P21 
P20 
Interrupt 
Bus 


Mode* 
PC2 
PC, 
PCO ROM RAM 
Vectors 
Mode 
Operating Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 


6 
H 
H 
L 
I 
I 
I 
MUX12.31 
Multiplexedl Partial Decode 


5 
H 
L 
H 
I 
I 
I 
NMUXI2.31 
Nonmultiplexed/Partial 
Decode 


4 
H 
L 
L 
- 
- 
- 
Undefinedl41 


3 
L 
H 
H 
E 
I 
E 
MUXll.5J 
Multiplexed/RAM 
2 
L 
H 
L 
E 
I 
E 
MUXlll 
Multiplexedl RAM 


I 
L 
L 
H 
I 
I 
E 
MUX (2.3) 
Multiplexedl RAM and ROM 
0 
L 
L 
L 
I 
I 
E 
MUXllJ 
Multiplexed Test 


LEGEND 
I-Internal 
E - 
External 
MUX - 
Multiplexed 


NMUX - 
Nonmultiplexed 


L - 
Logic "0" 


H - 
Logic "'" 


NOTES: 
,. 
Addresses associated with ports 3 and 4 are considered external in modes O.2, and 3. 


2. Addresses associated with port 3 are considered external in modes 1, 5, and 6. 
3. Port 4 default is user data input; address output is optional 
by writing 
to port 4 data direction 
register. 


4. Mode 4 is a nonuser mode and should not be used as an operating mode. 
5. 
Mode 3 has the internal RAM and internal registers relocated at $DOOO-$DOFF. 
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R2 
Rl 
Rl 
Rl 
MC6801U4 
MC6803U4 


RESET 
RESET 
8 
P20 
P20 (PCm 
9 


P21 
P21 (Pcn 


P22 
10 
P22 (PC21 


NOTES: 


1. 
Mode 
7 as shown 


2. 
R2·C = Reset 
time 
constant 


3. 
R1 = 10 k (typical) 
4. 
D=1N914, 
lN4001 
in the 
0 to 70"C 
range 


D=1N270, 
MBD201 
in the 
-40 
to 85"C 
range 


5. 
Diode 
Vf should 
not 
exceed 
VMPDD 
min. 


Mode 
Control 
SWitches 
• 


Multiplexed 
Test Mode 


SOOOOl11 


Internal 
Registers 
MC6801U4 


Mode 


SBFFO 
SBFFF 


SFOOO 


External Interrupt 
Vectors(2l 


External Memory 
Space 


NOTES: 


1) Excludes the following 
addresses which may 


be used 
externally: 
S04, S05, SOO, S07, and 
SOF. 


21 The Interrupt 
vectors 
are at SBFFO-SBFFF. 


3) 
There must be no overlapping 
of internal and 
external 
memory 
spaces to avoid driving the 
data bus with more than one device. 


41 This 
mode 
is the 
only 
mode 
which 
may 
be 
used to examine the entire ROM using an ex- 
ternal 
RESET vector. 


5J Modes 
5-7 can be irreversibly 
entered 
from 
mode 0 by writing 
to the PCO-PC2 bits of the 
port 2 data register. 
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• 


SFFEF 


SFFFO 


SFFFF 


NOTES: 


1) Excludes the following 
addresses which 
may be used externally: $04,$06,and $OF. 


2) Internal ROM 
addresses $FFFOto $FFFF 
are not usable. 


3) Address lines A8-A15 will not contain ad- 


dresses until the data direction register 
for port 4 has been written with "1s" in 
the appropriate bits. These address lines 
will 
assert "1s" 
until made outputs by 
writing the data direction register. 


SFFFO 


SFFFF 


MC6801U42 
MC6803U4 
Mode 


NOTE: 


11 Excludesthe following addresseswhich may 


be used externally: $04, $05, $06. S07.and 
$OF. 
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Multiplexed/RAM 


$00J011I 


MC6801U4 3 
MC6803U4 
Mode 


NOTES: 


1) 
Relocating 
the internal 
registers 
and the inter- 


nal 
RAM 
to 
high 
memory 
allows 
the 
pro- 


cessor 
to make 
use of direct 
addressing. 


21 Excludes 
the following 
addresses 
which 
may 


be 
used 
externally: 
$DOO4, $DOO5, $DOO6, 
$DOO7, and $DOOF. 


MC6801U4 5 
Mode 


Nonmultiplexed/Partial 
Decode 


$OOJOll I 


$OOlF~ 
Internal 
Registers 


$OO4O~unusable 
Internal 
RAM 


$OOFF 
$0100 


External Memory 
Space 


$OlFF 


I 


Unusable 
• 


NOTES: 


1) 
Excludes the following 
addresses which 
may 
not be used externally: 
$04, $06, and $OF (no 
10SI. 


21 Address 
lines 
AO to A7 will 
not 
contain 
ad- 


dresses 
until the 
data 
direction 
register 
for 
port 4 has been written 
with" 
1s" in the ap- 


propriate 
bits. 
These 
address 
lines will assert 


"15" 
until made outputs 
by writing 
the data 


direction 
register. 
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MC6801U4 6 
Mode 


$ooool1l 


$001F 


NOTES: 


1) 
Excludes 
the following 
addresses 
which 
may 


be used externally: 
$04, $06, $OF. 


21 
Address 
lines 
A8-A 15 will 
not 
contain 
ad- 


dresses until the 
data 
direction 
register 
for 


port 4 has been written 
with" 
1s" in the ap- 


propriate 
bits. These address lines will assert 


"1 s" until made outputs 
by writing 
the data 
direction 
register. 


MC6801U4 7 
Mode 


Single Chip 


SOOOO~ 
Internal 
RegIsters 
SOOIF 


$0040 ~unusable 


Internal RAM 


SDOFF 


Unusable 
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Address 


Other 


Register 
Modes 
Mode 
3 


Port 1 Data Direction 
Register· 
* *ססoo 
0000 


Port 2 Data Direction 
Register· 
* * 
0001 
0001 


Port 1 Data 
Register 
0002 
0002 


Port 2 Data Register 
0003 
0003 


Port 3 Data Direction 
Register· 
* * 
0004" 
0004" 


Port 4 Data Direction 
Register· 
* * 
0005" 
" 
0005* * 


Port 3 Data Register 
0006* 
0006" 


Port 4 Data 
Register 
CXJ07* * 
0007* • 


Timer Control and Status 
Register 
0008 
0008 


Counter 
IHlgh 
Byte) 
0009 
DOO9 
Counter (Low Byte) 
OOOA 
OooA 
Output 
Compare 
Register 
I High 
Byte) 
OOOB 
DooB 


Output 
Compare 
Register 
ILow 
Byte) 
OOOC 
OOOC 
Input 
Capture 
Register 
IHigh 
Byte) 
0000 
DooO 


Input 
Capture 
Register 
ILow 
Byte) 
OOOE 
OooE 


Port 3 Control 
and Status 
Register 
OOOF* 
OooF* 


Rate and Mode 
Control 
Register 
0010 
0010 


Transmit/Receive 
Control and Status 
Register 
oolt 
OOlt 


ReceIve Data 
Register 
0012 
0012 


Transmit 
Data 
Register 
0013 
0013 


RAM 
Control 
Register 
0014 
0014 


Counter 
Alternate 
Address 
(High 
By tel 
0015 
0015 
Counter 
Alternate 
Address 
(Low By tel 
0016 
0016 


Timer Control 
Register 
1 
0017 
0017 


Timer 
Control 
Register 2 
0018 
0018 


Timer 
Status 
Register 
0019 
0019 


Output 
Compare 
Register 
2 IHigh 
Byte) 
oolA 
001A 


Output 
Compare 
Register 
2 ILow 
Byte) 
oolB 
001B 


Output 
Compare 
Register 
3 IHigh 
Byte) 
oolC 
OOlC 


Output 
Compare 
Register 
3 I Low 
Byte) 
oolD 
OOlD 


Input 
Capture 
Register 
2 IHigh 
Byte) 
oolE 
001E 


Input Capture 
Register 2 (Low 
Byte) 
oolF 
001F 


* External 
addresses 
in modes 0, 
1, 2, 3, 5, and 6 cannot 
be 
accessed in mode 5 ho 
10Sl. 


* * External Addresses 
In Modes 0, 2, and 3. 


* * * 1 = Output, 
0= Input 


The M6801 Family 
supports 
two types 
of interrupt 
re- 
quests: 
maskable 
and nonmaskable. 
A nonmaskable 
in- 


terrupt 
(NMI) is always 
recognized 
and acted upon at the 
completion 
of the 
current 
instruction. 
Maskable 
inter- 
rupts 
are controlled 
by the condition 
code 
register 
I bit 


and by individual 
enable 
bits. The I bit controls 
all mask- 


able interrupts. 
Of the maskable 
interrupts, 
there are two 


types: 
IRQ1 and IRQ2. The programmable 
timer 
and se- 
rial communications 
interface 
use an internal 
IRQ2 in- 


terrupt 
line, 
as shown 
in the 
block 
diagram. 
External 


devices 
and 153 use IRQ1. An IRQ1 interrupt 
is serviced 
before 
IRQ2 if both are pending. 


After 
reset, an NMI will 
not be serviced 
until the 


first 
program 
load 
of the 
stack 
pointer. 
Any 
NMI 


generated 
before 
this load will 
be remembered 
by 
the processor 
and serviced 
subsequent 
to the stack 


pointer 
load. 


All 
IRQ2 interrupts 
use 
hardware-prioritized 
vectors. 
The single 
SCI interrupt 
and three 
timer 
interrupts 
are 


serviced 
in a prioritized 
order, 
and each is vectored 
to a 


separate location. 
All interrupt-vector 
locations 
are shown 


in Table 
5. In mode 
0, reset 
and 
interrupt 
vectors 
are 
defined 
as $BFFO-$BFFF. 


The interrupt 
flowchart, 
which 
is depicted 
in Figure 
17, 


is common 
to every interrupt 
excluding 
reset. During 
in- 


terrupt 
servicing, 
the program 
counter, 
index 
register, 
A 


accumulator, 
B accumulator, 
and condition 
code register 


are pushed to the stack. The I bit is set to inhibit 
maskable 
interrupts, 
and a vector 
is fetched 
corresponding 
to the 


current 
highest-priority 
interrupt. 
The 
vector 
is trans- 


ferred to the program 
counter, 
and instruction 
execution 


is resumed. 
Interrupt 
and RESET timing 
are illustrated 
in 
Figures 
18 and 19. 


Mode 
0 
Modes 
1-3, 5-7 
Interrupt· 
•• 


MSB 
LSB 
MSB 
LSB 


BFFE 
BFFF 
FFFE 
FFFF 
RESET 


BFFC 
BFFD 
FFFC 
FFFD 
Nonmaskable 
Interrupt** 


BFFA 
BFFB 
FFFA 
FFFB 
Software 
Interrupt 


BFF8 
BFF9 
FFF8 
FFF9 
Maskable 
Interrupt 
Request 
1 


BFF6 
BFF7 
FFF6 
FFF7 
Input Capture 
Flag* 


BFF4 
BFF5 
FFF4 
FFF5 
Output 
Compare 
Flag* 


BFF2 
BFF3 
FFF2 
FFF3 
Timer Overflow 
Flag * 


BFFO 
BFFl 
FFFO 
FFF1 
Serial Communications 
Interface* 


* IRQ2 interrupt 


* * NMI 
must be armed (by accessng stack pointer) 
before an 


NMI 
is executed. 


* .•.* Mode 4 interrupt 
vectors are undefined. 
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Mode 0 


SH(.BFFD 


BFFA·BFFB 


BFFS-BFF9 


BH6 
BFF? 


8H48FF5 


BFF2-BFF3 


BFfO·BFF, 


Vector-PC 


Modes 1-3. 5-7 


HFC·FFFD 


FFFA-FFFB 


FFF8·FFF9 


FFF6·FFF7 


FFF4·FFF5 


FFF2·FFF3 


FFFO·FFFI 


SCI", 
TIE· 
TDRE 
-t AIE.IRDRF 
-+ DAFEI 


10= 
(I(Fl·EICll) 
.•. t1CF2·E1CI21 


Del", 
IOCF1-EOClll+ 
(QCF2-EDeI2) 
+ rQCF3-EOCI31 


Nonmilskilblelnlerrupl 


Soltwilre 
Interrvpt 


Maskable 
lnteflupt 
ReQuest 
1 


Input 
Capture 
Interrupt 


Output 
Compare 
Inllmupl 


T ,rner 
Overflow 
Inleffupt 


SCllnterrupl 


s: 
a 
:Jlo 
>s:('; 
~ 
:Jl 
..• 
0 
~ 
~o 
(") 
m 
VI 
VIo 
:Jlo 


~ 


Last Instruction ~ 


Cycle 


I 
I 
I 
I 
I 
I 
I 
I 
I 


#1 
#2 
#3 
#4 
#5 
#6 
#7 
#8 
#9 
#10 
#11 
#12 


Internal 
Address 
Bus 


IRQl 
---*l I+- 
tpes 


NMI or IRQ2 
\ 
~ 
!+-IPCS 


Internal 
Data 
Bus 
Vector 
First Inst. of 
Op Code 
Op Code 
PC O·7 
PC8·15 
X 8·15 
ACCA 
ACC8 
Irrelevant 
Vector 
Data 
MSB 
LS8 
Interrupt 
Routine 


Inlernal 
R/W 
\ 
/ 


~\\\\\\\\\\\\\\~~\\\\\\\\\\\\\\\ L..JLS1 
rLJL.JLJ 
h-,} ~~~ 
1 I 
IRc-------I-~___'r- 
__ t_Pc_S 
*,," 
----------'1, ..'-------------- 
..... 
/~40V 
08\~~------- 


\\\\\\\\\\\\\\\\\\1 ~\\\\\\\\\\\\\\\\\\\\\\\\\\ \~ 
I 


FFFE 
FFFE 
&\\\\\\\\\\\\\\\\{ 
,t\\\\\\\\\\\\S\\\ 
\\\\\\\ SSW' 


&\\\\\\\\\\\\\\\\~ tK\\\\\\\\\\ 
\\\\\\\\\\\\\\\\\~ 
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Vcc 
AND VSS 


VCC and VSS provide 
power 
to a large portion 
of the 
MCU. The power 
supply 
should 
provide 
+ 5 volts (± 5%) 
to VCC, and VSS should 
be tied to ground. 
Total 
power 
dissipation 
(incuding 
VCC standby) 
will 
not exceed 
PD 
milliwatts. 


Vcc 
STANDBY 


VCC standby 
provides 
power 
to the standby 
portion 
($40 through 
$5F in all modes 
except 
mode 
3, which 
is 
$D040 through 
$D05F) of the RAM, and the STBY PWR 
and RAME bits of the RAM control 
register. 
Voltage 
re- 
quirements 
depend 
on whether 
the device 
is in a pow- 


erup or powerdown 
state. In the powerup 
state, the power 
supply 
should 
provide 
+ 5 volts (± 5%) and must 
reach 
VSB volts 
before 
RESET reaches 4.0 volts. 
During 
pow- 


erdown, 
VCC standby 
must 
remain 
above 
VSBB (mini- 
mum) 
to sustain 
the standby 
RAM and STBY PWR bit. 


While 
in powerdown 
operation, 
the standby 
current 
will 


not exceed ISBB. 
It is typical 
to power 
both VCC and VCC standby 
from 
the same source during 
normal 
operation. 
A diode 
must 
be used between 
them 
to prevent 
supply 
power 
to VCC 
during 
powerdown 
operation. 


XTAL AND EXTAL 


These two 
input 
pins interface 
either 
a crystal 
or TIL- 
compatible 
clock to the MCU internal 
clock geneator. 
Di- 


vide-by-four 
circuitry 
is included 
which 
allows 
use of the 
inexpensive 
3.58-MHz or 4.4336-MHz 
color-burst 
TV crys- 
tals. A 20-pF capacitor 
should 
be tied from 
each crystal 
pin to ground 
to ensure 
reliable 
startup 
and operation. 


Alternatively, 
EXTAL may be driven 
by an external 
TIL- 
compatible 
clock at 4 fo with 
a duty cycle of 50% (± 5%) 


with 
XTAL connected 
ground. 


The internal 
oscillator 
is designed 
to interface 
with 
an 
AT-cut 
quartz 
crystal 
resonator 
operated 
in parallel 
res- 
onance 
mode in the frequency 
range specified 
for fXTAL. 
The crystal 
should 
be mounted 
as close as possible 
to 
the input 
pins to minimize 
output 
distortion 
and startup 
stabilization 
time. The MCU is compatible 
with most com- 
mercially 
available 
crystals. 
Nominal 
crystal 
parameters 
are shown 
in Figure 20. 


RESET 


This input 
is used to reset the internal 
state of the de- 
vice 
and 
provide 
an orderly 
startup 
procedure. 
During 
powerup, 
RESET must be held below 0.8 volts: 
11at least 
tRC after VCC reaches 4.75 volts to provide 
sufficient 
time 
for the clock generator to stabilize, and 2) until VCC standby 
reaches 4.75 volts. RESET must be held low at least three 
E cycles if asserted 
during 
powerup 
operation. 


E (ENABLE) 


This is an output 
clock used primarily 
for bus synchro- 
nization. 
It is TIL 
compatible 
and is the slightly 
skewed 
divide-by-four 
result of the device input clock frequency. 


It will drive one Schottky 
TIL 
load and 90 pF, and all data 


given 
in cycles are referenced 
to this 
clock 
unless 
oth- 
erwise 
noted. 


NMI (NONMASKABLE 
INTERRUPT) 


An NMI negative 
edge requests 
an MCU interrupt 
se- 
quence, 
but the current 
instrutlon 
will 
be completed 
be- 


fore it responds 
to the request. 
The MCU will then begin 
an interrupt 
sequence. 
Finally, 
a vector 
is fetched 
from 
$FFFC and $FFFD ($BFFC and $BFFD in mode 
0), trans- 


ferred to the ~ram 
counter, 
and instruction 
execution 


is resumed. 
NMI typically 
requires 
a 3.3 kfl 
(nominal) 
resistor 
to VCC. There is no internal 
NMI pullup 
resistor. 


NMI 
must 
be held 
low 
for 
at least 
one 
E cycle 
to 
be 
recognized 
under 
all conditions. 


NOTE 


After 
reset, an NMI will 
not be serviced 
until 
the 


first 
program 
load of the 
stack 
pointer. 
Any 
NMI 


generated 
before this load will 
remain 
pending 
by 
the processor. 


IRQ1 (MASKABLE 
INTERRUPT REQUEST 1) 


IRQ1 is a level-sensitive 
input 
that can be used to re- 
quest an interrupt 
sequence. 
The MPU will complete 
the 
current 
instruction 
before 
it responds 
to the request. 
If 
the interrupt 
mask bit (I bit) in the condition 
code register 


is clear, 
the 
MCU 
will 
begin 
an interrupt 
sequence. 
A 
vector is fetched from $FFF8 and $FFF91$BFF8 and $BFF9 
in mode 0). transferred 
to the program 
counter, 
and in- 


struction 
execution 
is resumed. 


IRQ1 typically 
requires 
an external 
3.3 kfl 
(nominal) 
resistor 
to VCC for 
wire-OR 
applications. 
IRQ1 has no 


internal 
pullup 
resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function 
of SC1 and SC2 depends 
on the operating 
mode. SC1 is configured 
as an output 
in all modes except 
single-chip 
mode; whereas, 
SC2 is always an output. 
SC1 
and SC2 can drive one Schottky 
load and 90 pF. 


SC1 and SC2 in Single-Chip 
Mode 


In single-chip 
mode, 
SC1 and SC2 are configured 
as 
an input 
and output, 
respectively, 
and both function 
as 
port 3 control 
lines. SC1 functions 
as IS3 and can be used 
to indicate 
that port 3 input 
data is ready or output 
data 
has been accepted.Three 
options 
associated 
with 
IS3 are 


controlled 
by the port 
3 contol 
and status 
register 
and 
are discussed 
in the port 3 description; 
refer to P30-P37 
(PORT 3). If unused, 
IS3 can remain 
unconnected. 


SC2 is configured 
as OS3 and can be used to strobe 
output 
data or acknowledge 
input 
data. 
It is controlled 
by output 
strobe 
select 
(055) 
in the port 3 control 
and 
status register. The strobe is generated 
by a read (OSS=O) 
or write 
(aSS = 1) to the port 3 data register. 
OS3 timing 
is shown 
in Figure 3. 


SC1 and SC2 in Expanded-Nonmultiplexed 
Mode 


In the expanded-non 
multiplexed 
mode, 
both SC1 and 
SC2 are configured 
as outputs. 
SC1 functions 
as input! 


output 
select 
(105) 
and 
is asserted 
only 
when 
$0100 
through 
$01 FF is sensed on the internal 
address 
bus. 
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3.58 MHz 
4.00 MHz 
5.0 MHz 


RS 
600 
500 
30-500 


CO 
3.5 pF 
6.5 pF 
4-6 pF 


C1 
0.015 pF 
0.025 pF 
0.01-0.02 pF 


Q 
>40 K 
>30K 
>20 K 


I 


NOTE 
TIL-compatible 
oscillators 
may 
be obtain from: 


Motorola 
Component 
Prod- 


ucts 
Attn: Crystal Clock Oscillators 
2553 N. Edgington 
St. 


Franklin Park. IL 60131 


Tel: 312-451-1000 
Telex: 433-0067 


IRC 
Oscillator 


Stabilization 
Time.IRC 
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SC2 is configured 
as read/write 
and is used to control 
the direction 
of data bus transfers. 
An MPU read is en- 
abled when 
read/write 
and E are high. 


SC1 and SC2 in Expanded-Multiplexed 
Mode 


In the expanded-multiplexed 
modes, 
both SCl nd SC2 
are configured 
as outputs. 
SCl functions 
as address strobe 
and can be used to demultiplex 
the eight least-significant 
addresses 
and the data bus. A latch controlled 
by address 
strobe captures 
the lower 
address 
on the negative 
edge, 
as shown 
Figure 
13. 
SC2 is configured 
as read/write 
and is used to control 
the direction 
of data bus transfers. 
An MPU read is en- 
abled when 
read/write 
and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode-independent 
8-bit I/O and timer 
port. 


Each line can be configured 
as either 
an input or output 
as defined 
by the port 
1 data direction 
register. 
Port 1 
bits 0, 1, and 2 (Pl0, 
Pll, 
and P12) can also be used to 
exercise one input edge function 
and two output compare 
functions 
of the timer. 
The TIL-compatible 
three-state 
buffers 
can drive one Schottky 
TIL 
load and 30 pF, Oar- 


lington 
transistors 
or CMOS devices 
using 
external 
pul- 


lup resistors. 
It is configured 
as a data input 
port during 
RESET. Unused 
pins can remain 
unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent 
5-bit 
multipurpose 
I/O 
port. The voltage 
levels present 
on P20, P21, and P22 on 
the rising 
edge of RESET determine 
the operating 
mode 
of the MCU. The entire 
port is then configured 
as a data 
input 
port. The port 2 lines can be selectively 
cofigured 
as data output 
lines by setting 
the appropriate 
bits in the 


port 2 data direction 
register. 
The port 2 data register 
is 
used to move 
data through 
the port. 
However, 
if P21 is 


configured 
as an output, 
it is tied 
to the timer 
output 
compare 
1 function 
and cannot be used to provide 
output 
from the port 2 data register 
unless output 
enable 1 (DEl) 


is cleared 
in timer 
control 
register 
1. 


Port 2 can also be used to provide 
an interface 
for the 


serial communications 
interface 
and the timer input edge 


function. 
These configurations 
are described 
in SERIAL 
COMMUNICATIONS 
INTERFACE and PROGRAMMABLE 
TIMER. 


The port 
2 three-state 
TIL-compatible 
output 
buffers 


are capable 
of driving 
one Schottky 
TIL 
load and 30 pF 
or CMOS devices 
using external 
pullup 
resistors. 


P30-P37 (PORT 3) 


Port 3 can be configured 
as an I/O port, a bidirectional 
8-bit 
data 
bus, 
or a multiplexed 
address/data 
bus de- 
pending 
on 
the 
operating 
mode. 
The 
TIL-compatible 
three-state 
output 
buffers 
can drive 
one 
Schottky 
TIL 
load and 90 pF. Unused 
lines can remain 
unconnected. 


Port 3 in Single-Chip 
Mode 


Port 3 is an 8-bit I/O port in the single-chip 
mode with 
each line configured 
by the port 3 data direction 
register. 


There are also two lines, IS3 and OS3, which can be used 
to control 
port 3 data transfers. 


Three port 3 options 
are controlled 
by the port 3 control 
and status 
register 
and are available 
only 
in single-chip 
mode: 
1) port 3 input data can be latched 
using 
IS3 as a 
control 
signal, 2) OS3 can be generated 
by either an MPU 
read or write 
to the port 3 data register, 
and 3) an IRQl 
interrupt 
can be enabled 
by an IS3 negative 
edge. Port 3 
latch timing 
is shown 
in Figure 4. 


Bit 3 
Latch Enable - 
This bit controls 
the input 
latch 
for port 3. If set, input 
data is latched 
by an IS3 
negative 
edge. 
The latch 
is transparent 
after 
a 
read of the port 3 data register. 
Latch enable 
is 


cleared during 
reset. 


Bit 4 
Output 
Strobe 
Select 
(055) 
- 
This 
bit deter- 


mines whether 
OS3 will 
be generated 
by a read 
or write 
of the port 3 data register. 
When 
clear, 


the strobe 
is generated 
by a read; 
when 
set, it 
is generated 
by a write. 
OSS is cleared 
during 
reset. 


Bit 6 
153 IRQ1 Enable - 
When 
set, an IRQl 
interrupt 
will 
be enabled 
whenever 
the 
IS3 flage 
is set; 


when 
clear, the interrupt 
is inhibited. 
This bit is 
cleared 
during 
reset. 


Bit 7 
153 Flag - 
This read-only 
status 
bit is set by an 
IS3 negative 
edge. It is cleared 
by a read of the 
port 3 data register 
or during 
reset. 


Port 3 in Expanded-Nonmultiplexed 
Mode 


Port 3 is configured 
as a bidirectional 
data bus (07-00) 
in the expanded-nonmultiplexed 
mode. The direction 
of 
data transfers 
is controlled 
by read/write 
(SC2). Oata is 
clocked 
by E (enable). 


Port 3 in Expanded-Multiplexed 
Mode 


Port 3 is configured 
as a time-multiplexed 
address 
(A7- 


AOj, and data bus (07-00) 
in the expanded-multiplexed 
mode where AS can be used to demultiplex 
the two buses. 
Port 3 is held in a high-impedance 
state between 
valid 
address 
and data to prevent 
bus conflicts. 


P40-P47 (PORT 4) 


Port 4 is configured 
as an 8-bit 
I/O port, 
as address 
outputs, 
or as data 
inputs 
depending 
on the operating 
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mode. Port 4, which 
can drive one Schottky 
TIL 
load and 
90 pF, is the only 
port with 
internl 
pullup 
resistors. 
Un- 
used lines can remain 
unconnected. 


Port 4 in Single-Chip 
Mode 


In single-chip 
mode, 
port 
4 functions 
as an S-bit I/O 
port with each line configured 
by the port 4 data direction 
register. 
Internal 
pullup 
resistors 
allow the port to directly 
interface 
with 
CMOS at 5-volt 
levels. 
However, 
external 
pullup 
resistors 
to more than 5 volts cannot 
be used. 


Port 4 in Expanded-Nonmultiplexed 
Mode 


Port 4 is configured 
from 
reset as an S-bit input 
port 
where 
the port 4 data direction 
register 
can be written 
to 
provide 
any or all of eight address lines AO to A7.lnternal 
pullup 
resistors 
pull the lines high 
until the port 4 data 
direction 
register 
is configured. 


Port 4 in Expanded-Multiplexed 
Mode 


In all expanded-multiplexed 
modes 
except 
modes 
1 
and 6, port 4 functions 
as half of the address 
bus and 
provides 
AS to A 15. In modes 
1 and 6, the port is confi- 
gured from 
reset as an S-bit parallel 
input port where the 
port 
4 data direction 
register 
can be written 
to provide 
any or all of upper address lines AS to A 15. Internal 
pullup 
resistors 
pull the lines high until the port 4 data direction 
register 
is configured 
where 
bit 0 controls 
AS. 


The MC6S01U4 
provides 
4096 bytes 
of on-chip 
ROM 
and 192 bytes of on-chip 
RAM. 
Thirty-two 
bytes of the RAM ae powered 
through 
the 
VCC standby 
pin and are maintainable 
during VCC power- 
down. 
This 
standby 
portion 
of the RAM consists 
of 32 
bytes 
located 
from 
$40 through 
$5F in all modes 
except 
mode 
3, which 
is $D040 through 
$D05F. 


Power must be supplied 
to VCC standby 
if the internal 
RAM is to be used, regardless 
of whether 
standby 
power 
operation 
is anticipated. 


The RAM is controlled 
by the RAM control 
register. 


RAM CONTROL REGISTER ($14) 


The RAM control 
register 
includes 
two bits, which 
can 
be used to control 
RAM accesses and to determine 
the 


adequacy 
of the 
standby 
power 
source 
during 
power- 


down 
operation. 
It is intended 
that RAME be cleared and 
STBY PWR be set as part of a powerdown 
procedure. 


RAM CONTROL REGISTER 


5 
4 
3 
2 
1 


Bit 6 
RAM Enable - 
This read/write 
bit can be used 
to remove the entire RAM from the internal 
mem- 


ory map. RAME is set (enabled) 
during 
reset pro- 


vided 
standby 
power 
is available 
on the positive 


edge of RESET. If RAME is clear, any access to 
a RAM address 
is external. 
If RAME is set, the 
RAM is included 
in the internal 
map. 


Bit 7 
Standby 
Power 
- 
This bit is a read/write 
status 
bit that, when cleared, indicates 
VCC standby 
has 
decreased 
sufficiently 
below VSBB (minimum) 
to 
make data in the standby 
RAM suspect. 
It can be 
set only 
by software 
and is not affected 
during 
reset. 


The programmable 
timer can be used to perform 
meas- 


urements 
on two 
separate 
input 
waveforms 
while 
inde- 


pendently 
generating 
three 
output 
waveforms. 
Pulse 
widths 
can vary from 
several microseconds 
to many sec- 


onds. 
A block 
diagram 
of the timer 
is shown 
in Figure 


21. 


COUNTER ($09:0A), 
($15, $16) 


The key timer 
element 
is a 16-bit free-running 
counter 
that is incremented 
by E (enable). It is cleared during 
reset 
and is read-only 
with 
one exception: 
in mode 
0 a write 
to the counter 
($09) will configure 
it to $FFFS. This feature, 


intended 
for 
testing, 
can disturb 
serial 
operations 
be- 
cause the counter 
provides 
the SCI internal 
bit rate clock. 


The TOF is set whenever 
the counter 
contains 
all ones. 


If ETOI is set, an interrupt 
will occur when the TOF is set. 


The counter 
may also be read as $15 and $16 to avoid 
inadvertently 
clearing 
the TOF. 


OUTPUT 
COMPARE 
REGISTERS 
($OB:OC), 
($1A:1B), 
($1C:1D) 


The three 
output 
compare 
registers 
are 
16-bit 
read/ 


write 
registers, 
each used to control 
an output 
waveform 
or provide 
an arbitrary 
time-out 
flag. They are compared 
with the free-running 
counter 
during 
the negative 
half of 
each E cycle. When 
a match 
occurs, 
the corresponding 
output 
compare 
flag (OCF) is set, and the corresponding 
output 
level (OLVL) is clocked to an output 
level register. 
If both the corresponding 
output 
enable 
bit and data di- 
rection 
register 
bit are set, the value 
represented 
in the 
output 
level 
register 
will 
appear 
on the corresponding 
port pin. The appropriate 
OLVL bit can then be changed 
for the next compare. 
The function 
is inhibited 
for one cycle after a write 
to 
its high byte ($OB, $1A. or $1C) to ensure a valid compare 
after a double-byte 
write. 
Writes 
can be made to either 
byte of the output 
compare 
register 
without 
affecting 
the 
other 
byte. 
The 
OLVL value 
will 
be clocked 
out 
inde- 
pendently 
of 
whether 
the 
OCF 
had 
previously 
been 


cleared. 
The output 
compare 
registers 
are set to $FFFF 
during 
reset. 


• 


INPUT CAPTURE REGISTERS ($OD:OE), ($1E:1F) 


The two 
input 
capture 
registers 
are 
16-bit 
read-only 
registers 
used to store the free-running 
counter 
when 
a 


"proper" 
input 
transition 
occurs 
as defined 
by the cor- 


responding 
input 
edge 
bit (IEDG1 or IEDG2). The input 
pin's data direction 
register 
should 
be configured 
as an 
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input, 
but the edge detect 
circuit 
always 
senses P10 and 
P20 even 
when 
configured 
as an output. 
The 
counter 


value 
will 
be latched 
into 
the 
into 
capture 
registers 
on 
the 
second 
negative 
edge 
of the 
E clock 
following 
the 


transition. 
As input 
capture 
can occur 
independently 
of ICF; the 
register 
always 
contains 
the 
most 
current 
value. 
How- 


ever, counter 
transfer 
is inhibited 
between 
accesses of a 


double-byte 
MPU read. The input pulse width 
must be at 
least two 
E cycles 
to ensure 
an input 
capture 
under 
all 


conditions. 


TIMER CONTROL AND STATUS 
REGISTERS 


Four 
registers 
are 
used 
to 
provide 
the 
MC6801 U41 


MC6803U4 
with control 
and status information 
about the 
three output 
compare 
functions, 
the timer 
overflow 
func- 
tion, and the two input edge functions 
of the timer. 
They 
are as follows: 


Timer 
Control 
and Status 
Register 
(TCSR) 


Timer 
Control 
Register 
1 (TCR1) 


Timer 
Control 
Register 
2 (TCR2) 


Timer 
Status 
Register 
(TSR) 


Timer 
Control 
and Status 
Register 
(TCSR) ($08) 


The timer 
control 
and status register 
is an 8-bit register 


in which 
all bits are readable, 
while 
only 
bits 0-4 can be 


written. 
All 
the 
bits 
in this 
register 
are also accessible 


through 
the 
two 
timer 
control 
registers 
and the 
timer 


status 
register. 
The three 
most 
significant 
bits 
provide 
the timer 
status 
and indicate 
if 


1. a proper 
level transition 
has been detected 
at P20; 


2. a match 
has occurred 
between 
the free-running 
counter 
and output 
compare 
register 
1; or 


3. the free-running 
counter 
has overflowed. 


Each of the three events can generate 
an IRQ2 interrupt 


and is controlled 
by an individual 
enable bit in the TCSR. 


Bit 0 
Output 
Level 1 - 
OLVL 1 is clocked to output 
level 


register 
1 by a successful 
output 
compare 
and will 
appear 
at P21 if bit 1 of the port 
2 data direction 
register 
is set and the OE 1 control 
bit in timer 
con- 


trol 
register 
1 is set. OLVL 1 and output 
level reg- 


ister 
1 are cleared 
during 
reset. 
Refer to TIMER 
CONTROL 
REGISTER 1 (TCR1) ($17). 


Bit 1 
Input 
Edge 1 - 
IEDG1 is cleared 
during 
reset and 


controls 
which 
level transition 
on P20 will 
trigger 


a counter 
transfer 
to input 
capture 
register 
1: 
IEDG1 = 0 transfer 
on a negative-edge 


IEDG1 = 1 transfer 
on a positive-edge 


Refer to TIMER CONTROL REGISTER 1 (TCR1) ($17). 


Bit 2 
Enable Timer 
Overflow 
Interrupt 
- 
When 
set, an 
IRQ2 interrupt 
will 
be generated 
when 
the timer 
overflow 
flag 
is set; 
when 
clear, 
the 
interrupt 
is 


inhibited 
ETOI is cleared 
during 
reset. 
Refer 
to 
TIMER CONTROL 
REGISTER 2 (TCR2) ($18). 


Bit 3 
Enable Output 
Compare 
Interrupt 
1 - 
When 
set, 


an IRQ2 interrupt 
will 
be generated 
when 
output 


compare 
flag 
1 is set; when 
c1ear,the interrupt 
is 
inhibited. 
EOCI1 is cleared 
during 
reset. 
Refer to 
TIMER CONTROL 
REGISTER 2 (TCR2) ($18). 


Bit 4 
Enable 
Output 
Capture 
Interrupt 
1 - 
When 
set, 
an IRQ2 interrupt 
will 
be generated 
when 
input 
capture 
flag 
1 is set; when 
clear, the 
interrupt 
is 
inhibited. 
EICI1 is cleared 
during 
reset. 
Refer to 
TIMER CONTROL 
REGISTER 2 (TCR2) ($18). 


Bit 5 
Timer 
Overflow 
Flag - 
The TOF is set when 
the 
counter 
contains 
all ones ($FFFF). It is cleared 
by 
reading 
the TCSR or the TSR (with 
TOF set) and 
the counter 
high byte ($09). or during 
reset. Refer 
to TIMER STATUS 
REGISTER (TSR) ($19). 


Bit 6 
Output 
Compare 
Flag 1- 
OCF1 is set when output 


compare 
register 
1 matches 
the 
free-running 


counter. 
OCF1 is cleared 
by reading 
the TCSR or 


the TSR (with OCF1 set) and then writing 
to output 


compare 
register 
1 ($OB or $OC). or during 
reset. 


Refer to TIMER STATUS 
REGISTER (TSR) ($19). 


Bit 7 
Input 
Capture 
Flag - 
ICF1 is set to indicate 
that a 


proper 
level transition 
has occurred; 
it is cleared 
by reading 
the TCSR or the TSR (with ICF1 setl and 
the 
input 
capture 
register 
1 high 
byte 
($OD), or 
during 
reset. Refer to TIMER STATUS 
REGISTER 
(TSR) ($19). 


Timer 
Control 
Register 
1 (TCR1) ($17) 


Timer 
control 
register 
1 is an 8-bit 
readlwrite 
register 
containing 
the control 
bits for interfacing 
the output 
com- 


pare and input 
capture 
registers 
to the corresponding 
II 


o pins. 
• 


Bit 0 
Output 
Level 1 - 
OLVL 1 is clocked 
to output 
level 


register 
1 by a successful 
output 
compare 
and will 


appear 
at P21 if bit 1 of the port 
2 data direction 
register 
is set and the OE1 control 
bit is set. OLVL 1 


and output 
level register 
1 are cleared during 
reset. 
Refer to TIMER 
CONTROL 
AND 
STATUS 
REGIS- 


TER (TCSR) ($08). 


Bit 1 
Output 
Level 2 - 
OLVL2 is clocked 
to output 
level 


register 
2 by a successful 
output 
compare 
and will 
appear 
at P11 if bit 1 of port 
1 data direction 
reg- 


ister is set and the OE2 control 
bit is set. OLVL2 
and output 
level register 
2 are cleared during 
reset. 
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Bit 2 
Output 
Level 3 - 
OLVL3 is clocked to output 
level 
register 
3 by a successful 
output 
compare 
and will 
appear 
at P12 if bit 2 of port 
1 data direction 
reg- 


ister is set and the OE3 control 
bit is set. OLVL3 


and output 
level register 3 are cleared during 
reset. 


Bit 3 
Input 
Edge 1 -IEDGl 
is cleared during 
reset and 


controls 
which 
level transition 
on P20 will 
trigger 
a counter 
transfer 
to inut capture 
register 
1. 


IEDGl =0 transfer 
on a negative 
edge 
IEDGl = 1 transfer 
on a positive 
edge 
Refer to TIMER CONTROL 
AND STATUS 
REGIS- 
TER (TCSR) ($08). 


Bit 4 
Input 
Edge 2 - 
IEDG2 is cleared 
during 
reset and 
controls 
which 
level transition 
on Pl0 will trigger 
a counter 
transfer 
to input 
capture 
register 
2. 


IEDG2 = 0 transfer 
on a negative 
edge 
IEDG2 = 1 transfer 
on a positive 
edge 


Bit 5 
Output 
Enable 
1 - 
OEl 
is set during 
reset and 
enables 
the contents 
of output 
level register 
1 to 


be connected 
to 
P21 when 
bit 
1 of port 
2 data 
direction 
register 
is set. 
OEl = 0 port 2 bit 1 data register 
output 
OEl = 1 output 
level register 
1 


Bit 6 
Output 
Enable 2 - 
OE2 is cleared during 
reset and 
enables 
the contents 
of output 
level register 
2 to 


be connected 
to 
Pll 
when 
bit 
1 of port 
1 data 
direction 
register 
is set. 


OE2 = 0 port 
1 bit 1 data register 
output 
OE2 = 1 output 
level register 
2 


Bit 7 
Output 
Enable 3 - 
OE3 is cleared during 
reset and 
enables 
the contents 
of output 
level register 
3 to 
be connected 
to 
P12 when 
bit 
2 of port 
1 data 


direction 
register 
is set 
OE3 = 0 port 
1 bit 2 data register 
output 
OE3 = 1 output 
level register 
3 


Timer 
Control 
Register 
2 (TCR2) ($18) 


Timer 
control 
register 
2 is an 8-bit 
read/write 
register 
(except 
bits 
0 and 
1). which 
enables 
the 
interrupts 
as- 


sociated 
with 
the free-running 
counter, 
the output 
com- 
pare 
registers, 
and the 
input 
capture 
registers. 
In test 
mode 
0, two 
more 
bits (clock and test) are available 
for 
checking 
the timer. 


Bits 0-1 Read-Only 
Bits - 
When 
read, these bits return 
a value 
of 1. Refer to TIIMER CONTROL 
REG- 
ISTER 2 (Test Mode). 


Bit 2 
Enable Timer Overflow 
Interrupt 
- 
When set, an 
IRQ2 interrupt 
will 
be generated 
when 
the timer 


overflow 
flag is set; when 
clear, the interrupt 
in- 


hibited. ETOI is cleared during 
rest. Refer to TIMER 
CONTROL AND STATUS REGISTER (TCSR) ($08). 


Bit 3 
Enable Output 
Compare 
Interrupt 
1 - 
When set, 
an IRQ2 interrupt 
will be generated 
when the out- 


put compare 
flag 1 is set; when 
clear, the inter- 


rupt 
is inhibited. 
EOCll 
is cleared 
during 
reset. 


Refer to TIMER 
CONTROL 
AND 
STATUS 
REG- 


ISTER (TCSR) ($08). 


Bit 4 
Enable Output 
Compare 
Interrupt 
2 - 
When set, 


an IRQ2 interrupt 
will be generated 
when the out- 
put compare 
flag 2 is set; when 
clear, the inter- 


rupt is inhibited. 
EOCI2 is cleared 
during 
reset. 


Bit 5 
Enable Output 
Compare 
Interrupt 
3 - 
When set, 


an IRQ2 interrupt 
will be generated 
when the out- 
put compare 
flag 3 is set; when 
clear, the inter- 


rupt is inhibited. 
EOCI3 is cleared 
during 
reset. 


Enable Input Capture 
Interrupt 
1 - 
When set, an 


IRQ2 interrupt 
will 
be generated 
when 
the input 


capture 
flag 1 is set; when 
clear, the interrupt 
is 


inhibited. 
EICll 
is cleared 
during 
reset. Refer to 


TIMER CONTROL AND STATUS REGISTER (TCSR) 
($08). 


Bit 7 
Enable Input Capture 
Interrupt 
2 - 
When set, an 
IRQ2 interrupt 
will 
be generated 
when 
the input 
capture 
flag 2 is set; when 
clear, the interrupt 
is 


inhibited. 
EICI2 is c1eaed during 
reset. 


The timer 
test bits (test and clock) allow 
the free-run- 


ning counter 
to be tested 
as two separate 
8-bit counters 


to speed testing. 


TIMER CONTROL REGISTER 2 
(Test Modes) 


4 
3 
2 


Bit 0 
CLOCK - 
The CLOCK control 
bit selects 
which 
half of the 
16-bit free-running 
counter 
(MSB or 
LSB) should 
be clocked 
with 
E. The CLOCK bit is 


a read/write 
bit only in mode 0 and is set during 


reset. 


CLOCK = 0 - 
Only the eight most-significant 
bits 
of the free-running 
counter 
run with 
TEST = O. 


CLOCK = 1 - 
Only the eight least-significant 
bits 


of the free-running 
counter 
run when 
TEST = O. 


Bit 1 
TEST - 
The TEST control 
bit enables 
the timer 
test mode. TEST is a read/write 
bit in mode 0 and 


is set during 
reset. 


TEST= 0 - 
Timer 
test mode 
enabled: 


a) The timer 
LSB latch 
is transparent, 
which 


allows the LSB to be read independently 
of 
the MSB. 
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b) Either 
the MSB or the LSB of the timer 
is 
clocked 
by E, as defined 
by the CLOCK bit. 


TEST = 1 - 
Timer 
test mode disabled. 


Bits 
2-7 See TIMER 
CONTROL 
REGISTER 2 (Nontest 
Modesl. 
(These bits function 
the same as in the 
nontest 
modes.) 


Timer 
Status 
Register 
(TSRI ($19) 


The timer 
status 
register 
is an 8-bit read-only 
register 
which 
contains 
the flags associated 
with the free-running 
counter, 
the output 
compare 
registers, 
and the input cap- 
ture registers. 


Bit 2 
Timer 
Overflow 
Flag - 
The TOF is set when the 
counter 
contais 
all ones ($FFFF). It is cleared 
by 
reading 
the TSR or the TCSR (with TOF set) and 
then the counter 
high byte ($09). or during 
reset. 


Refer to TIMER CONTROL 
AND 
STATUS 
REG- 
ISTER (TCSR) ($08). 


Bit 3 
Output 
Compare 
Flag 1 - 
OCF1 is set when out- 
put compare 
register 
1 matches the free-running 
counter. 
OCF1 is cleared 
by reading 
the TSR or 
the 
TCSR (with 
OCF1 set) and then 
writing 
to 
output 
compare 
register 
1 ($OB or $OC). or during 
reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSRI ($08). 


Bit 4 
Output 
Compare 
Flag 2 - 
OCF2 is set when 
out- 
put compare 
register 
2 matches the free-running 
counter. 
OCF2 is cleared by reading the TSR (with 
OCF2 set) and then 
writing 
to output 
compare 
register 
2 1$1A or $1B), or during 
reset. 


Bit 5 
Output 
Compare 
Flag 3 - 
OCF3 is set when 
out- 
put compare 
register 
3 matches 
the free-runing 
counter. 
OCF3 is cleared by reading the TSR (with 
OCF3 set) and then 
writing 
to output 
compare 
register 
3 ($1C or $10). or during 
reset. 


Bit 6 
Input Capture 
Flag 1 - 
ICF1 is set to indicate 
that 
a proper level transition 
has occurred; 
it is cleared 
by reading 
the TSR or the TCSR (with 
ICF1 set) 
and the input capture 
register 
1 high byte 1$00). 


or during 
reset. Refer to TIMER CONTROL AND 
STATUS 
REGISTER (TCSR) ($08). 


Bit 7 
Input Capture 
Flag 2 -ICF2 
is set to indicate that 
a proper level transition 
has occurred; 
it is cleared 
by reading 
the TSR (with 
ICF2 set) and the input 
capture 
register 2 high byte ($1E). or during 
reset. 


A full-duplex 
asynchronous 
sel 
is provided 
with 
two 
data formats 
and a variety 
of rates. The SCI transmitter 
and 
receiver 
are functionally 
independent 
but 
use the 
same data format 
and bit rate. Serial data formats 
include 
standard 
mark/space 
(NRZ) and 
biphase; 
both 
provide 
one start 
bit, eight 
data bits, and one stop 
bit. "Baud" 
and "bit 
rate" 
are used synonymously 
in the following 
description. 


WAKE-UP 
FEATURE 


In a typical 
serial 
loop 
multiprocessor 
configuration, 
the 
software 
protocol 
will 
usually 
identify 
the 
add res- 
see(s) at the begining 
of the message. 
To permit 
unin- 
terested 
MPUs to ignore 
the remainder 
of the message, 
wake-up 
feature 
is included 
whereby 
all further 
SCI re- 
ceiver 
flag 
(and 
interrupt) 
processing 
can be inhibited 
until its data line goes idle. An SCI receiver 
is re-enabled 
by an idle string 
of eleven 
consecutive 
ones or during 
reset. Software 
must provide 
for the required 
idle string 
between consecutive 
messages and must prevent it within 
messages. 
• 


PROGRAMMABLE 
OPTIONS 


The following 
featues 
of the SCI are programmable: 


• 
Format: 
standard 
mark/space 
(NRZ) or biphase 


• 
Clock: external 
or internal 
bit rate clock 


• 
Baud: 
one of eight 
per E clock 
frequency 
or ex- 
ternal 
clock (x 8 desired 
baud) 


• 
Wake-Up 
Feature: 
enabled 
or disabled 


• 
Interrupt 
Requests: 
enabled 
individually 
for trans- 
mitter 
and receiver 


• 
Clock 
Output: 
internal 
bit 
rate clock 
enabled 
or 
disabled 
to P22 


SERIAL COMMUNICATIONS 
REGISTERS 


The SCI includes four addressable 
registers 
as depicted 
in Figure 22. It is controlled 
by the rate and mode control 
register 
and the transmit/receive 
control 
and status 
reg- 
ister. Data are transmitted 
and received 
utilizing 
a write- 
only 
transmit 
register 
and a read-only 
receive 
register. 


The shift registes 
are not accessible 
to software. 


Rate and Mode 
Control 
Register 
(RMCR) ($10) 


The rate and mode control 
register 
controls 
the SCI bit 
rate, format, 
clock source, and, under certain 
conditions, 
the configuration 
of P22. The 
register 
consists 
of five 
write-only 
bits which 
are cleared 
during 
reset. The two 
least-significant 
bits, in conjunction 
with 
bit 7, control 
the 
bit rate of the internal 
clock, and the remaining 
two 
bits 
control 
the format 
and clock source. 


Bit 1:Bit 0 SS1:SS0 Speed Select- 
These two bits select 
the baud when 
using 
the internal 
clock. Eight 
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II 


Bit 7 
Rate and Mode Control Register 
Bit 0 
8~ 
~$10 


Clock 
Bit 
2 


rates may be selected 
(in conjunction 
with 
bit 


7) which 
are a function 
of the MCU input 
fre- 


quency. 
Table 
6 lists 
bit times 
and 
rates for 
three 
selected 
MCU frequencies. 


Bit 3: Bit 2 CC1 :CCO Clock Control 
and Format 
Select - 


These two 
bits control 
the format 
and select 
the serial clock source. 
If CC1 is set, the DDR 
value for P22 is forced 
to the complement 
of 


CCOand cannot 
be altered 
until CC1 is cleared. 


If CC1 is cleared after having 
been set, its DDR 
value 
is unchanged. 
Table 7 defines 
the for- 


mats, clock source, 
and use of P22. 


EBE Enhanced 
Baud Enable - 
EBE selects the 
standard 
MC6801 
baud 
rates when 
clear and 


the additional 
baud 
rates when 
set (Table 6). 


This bit is cleared 
by reset and is a write-only 
control 
bit. 


EBE = 0 standard 
MC6801 baud rates 


EBE = 1 additional 
baud rates 


of 50% (± 10%). If CC1:CCO= 10, the internal 
bit rate clock 
is provided 
at P22 regardless 
of the values 
for TE or RE. 


NOTE 


The source 
of SCI internal 
bit 
rate 
clock 
is the 


timer 
free-running 
counter. 
An MPU write 
to the 
counter 
in mode 
0 can disturb 
serial operations. 


Transmit/Receive 
Control 
and Status 
Register 
(TRCSR) 
($11) 


The transmit/receive 
control 
and status 
register 
con- 
trols the transmitter, 
receiver, 
wake-up 
feature, 
and two 


individual 
interrrupts, 
and monitors 
the status 
of serial 


operations. 
All eight bits are readable; 
bits 0 to 4 are also 
writable. 
The register 
is initialized 
to $20 by RESET. 


Bit 1:Bit 1 
Bit 1:Bit 1 


If both CC1 and CCOare set, an external 
TIL-compatible 


clock must 
be connected 
to P22 at eight 
times 
(8 x) 
the 


desired 
bit rate, but not greater 
than E, with 
a duty cycle 


Wake-Up 
on Idle Line - 
When set, WU enables the 


wake-up 
function; 
it is cleared 
by eleven 
consecu- 


tive ones or during 
reset. WU will 
not be set if the 


line is idle. Refer to WAKE-UP 
FEATURE. 


Bit 1 Transmit 
Enable - 
When 
set, P24 DDR bit is set, 


cannot 
be changed, 
and will 
remain 
set if TE is 
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410- 
2.4576 
MHz 
4.0 MHz 
4.9152 
MHz 


EBE 
551:550 
614.4 
kHz 
1.0 MHz 
1.22IlB MHz 
E 
Baud 
Time 
Baud 
Time 
Baud 
Time 


0 
0 
0 
+16 
384000 
26 ~s 
62500.0 
16.0 ~s 
768000 
113.0 ~s! 


0 
0 
1 
+ 128 
48000 
208.3 ~s 
7812.5 
128.0 ~s 
9600.0 
104.2 ~s 


0 
1 
0 
+ 1024 
600.0 
1.67 ms 
976.6 
1.024 ms 
1200.0 
833.3 ~s 


0 
1 
1 
+4096 
150.0 
667 
ms 
244.1 
4.096 
ms 
300.0 
3.33 ms 


1 
0 
0 
+64 
9600.0 
104.2 ~s 
156250 
64 ~s 
19200.0 
52.0 ~s 


1 
0 
1 
+256 
2400.0 
416.6 ~s 
39063 
256 ~s 
4800.0 
208.3 ~s 


1 
1 
0 
+512 
12000 
833.3 ~s 
1953.1 
512 ~s 
2400.0 
416.6 ~s 


1 
1 
1 
+2048 
300.0 
3.33 ms 
488.3 
2.05 ms 
600.0 
1.67 ms 


External 
I P22J' 
76800.0 
13.0 ~s 
125000.0 
8.0 ~s 
153600.0 
6.5 ~s 


CC1:CCO 
Format 
Clock 
Port 2 


Source 
B~ 2 


00 
Biphase 
Internal 
Not 
Used 


01 
NRZ 
Internal 
Not Used 


10 
NRZ 
Internal 
Output 


11 
NRZ 
External 
Input 


subsequently 
cleared. 
When 
TE is changed 
from 
clear to set, the transmitter 
is connected 
to P24 and 
a preamble 
of nine consecutive 
ones is transmitted. 
TE is cleared 
during 
reset. 


Bit 2 Transmit 
Interrupt 
Enable 
- 
When 
set. an IRQ2 is 
set; 
when 
clear, 
the 
interrupt 
is inhibited. 
TE is 
cleared 
during 
reset. 


Bit 3 Receive 
Enable 
- 
When 
set, the 
P23 DDR bit 
is 
cleared, 
cannot 
be changed, 
and will 
remain 
clear 
if RE is subsequently 
cleared. 
While 
RE is set, the 
SCI receiver 
is enabled. 
RE is cleared 
during 
reset. 


Bit 4 Receiver 
Interrupt 
Enable 
- 
When 
set. 
an 
IRQ2 
interrupt 
is enabled 
when 
RDRF and/or 
OR FE is set; 


when 
clear, the interrupt 
is inhibited. 
RIE is cleared 
during 
reset. 


Bit 5 Transmit 
Data Register 
Empty 
- 
TDRE is set when 
the transmit 
data 
register 
is transferred 
to the out- 
put serial 
shift 
register 
or during 
reset. 
It is cleared 


by 
reading 
the 
TRCSR 
(with 
TDRE 
set) 
and 
then 
writing 
to the transmit 
data register. 
Additional 
data 
will 
be transmitted 
only 
if TDRE has been cleared. 


Bit 
6 Overrun 
Framing 
Error 
- 
If set, 
ORFE 
indicates 
either 
an overrun 
or framing 
error. 
An overrun 
is 
a new 
byte 
ready 
to transfer 
to the 
receiver 
data 
register 
with 
RDRF still set. A receiver 
framing 
error 
has occurred 
when 
the 
byte 
boundaries 
of the 
bit 
stream 
are not synchronized 
to the bit counter. 
An 


overrun 
can be distinguished 
from 
a framing 
error 
by the state of RDRF: if RDRF is set. then an overrun 


has occurred; 
otherwise, 
a framing 
error 
has been 


detected. 
Data 
are 
not 
transferred 
to the 
receive 
data 
register 
in an overrun 
condition. 
Unframed 
data causing 
a framing 
error 
are transferred 
to the 
receive 
data 
register. 
However, 
subsequent 
data 


transfer 
is blocked 
until 
the 
framing 
error 
flag 
is 
cleared. 
ORFE is cleared 
by reading 
the TRCSR (with 


ORFE set) then 
the receive 
data 
register, 
or during 


reset. 


Bit 7 Receive 
Data Register 
Full - 
RDRF is set when 
the 


input 
serial shift 
register 
is transferred 
to the receive 
data 
register, 
or during 
reset. 


SERIAL 
OPERATIONS 


The 
SCI is initialized 
by writing 
control 
bytes 
first 
to 


the rate and mode 
control 
register 
and then 
to the trans- 


mit/receive 
control 
and 
status· 
register. 
When 
TE is set, 


the output 
of the transmit 
serial 
shift register 
is connected 


to P24, and serial 
output 
is initiated 
by transmitting 
a 9- 
bit preamble 
of ones. 


At 
this 
point. 
one 
of two 
situations 
exists: 
1) if the 
transmit 
data 
register 
is empty 
(TDRE = 1). a continuous 
string 
of ones will 
be sent 
indicating 
an idle 
line; 
or 2) if 


a byte 
has 
been 
written 
to 
the 
transmit 
data 
register 


(TDRE = 0), it will 
be transferred 
to the output 
serial 
shift 


register 
(synchronized 
with 
the 
bit rate clock). 
TDRE will 
be set. and transmission 
will 
begin. 
The start 
bit (0). eight 
data 
bits 
(beginning 
with 
bit 0). 


and a stop 
bit (1) will 
be transmitted. 
If TDRE is still 
set 
when 
the next byte transfer 
occurs, 
ones will 
be sent until 


more 
data is provided. 
In biphase 
format. 
the output 
tog- 


gles 
at the 
start 
of each 
bit and 
at half-bit 
time 
when 
a 
one is sent. Receive 
operation 
is controlled 
by RE, which 


configures 
P23 as an input 
and enables 
the receiver. 
SCI 


data formats 
are illustrated 
in Figure 
23. 


The 
MC6801 U4/MC6803U4 
is directly 
source 
compat- 


ible with 
the MC6801 
and upward 
source 
and object 
code 
compatible 
with 
the 
MC6800. 
Execution 
times 
of key in- 
structions 
have 
been 
reduced, 
and 
several 
instructions 
have 
been 
added, 
including 
a hardware 
multiply. 
A list 


II 
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8" 
Idle 
51arr 
0 


Oata: 01001 
101 (S40) 


of new operations 
added to the MC6800 instruction 
set 
is shown 
in Table 1. 


In addition, 
two 
special 
opcodes, 
4E and 5E, are pro- 
vided for test purposes. These opcodes force the program 
counter 
to increment 
like a 16-bit counter, 
causing 
ad- 


dress 
lines 
used 
in the expanded 
modes 
to increment 
until 
the device 
is reset. These opcodes 
have no mne- 


monics. 


The coding 
of the first (or only) byte corresponding 
to 
an executable 
instruction 
is sufficient 
to identify 
the in- 


struction 
and 
the 
addressing 
mode. 
The 
hexadecimal 
equivalents 
of the binary 
codes, 
which 
result 
from 
the 
translation 
of the 82 instructions 
in all valid 
modes 
of 
addressing, 
are shown 
in Table 
8. There 
are 220 valid 
machine 
codes, 
34 unassigned 
codes, 
and 2 codes 
re- 
served for test purposes. 


PROGRAMMING 
MODEL 


A programming 
model 
for the MC6801U4/MC6803U4 
is shown 
in Figure 8. Accumulator 
A can be concatenated 
with accumulator 
B and jointly 
referred to as accumulator 
D where 
A is the 
most-significant 
byte. 
Any 
operation 
that 
modifies 
the double 
accumulator 
will 
also modify 
accumulators 
A and/or 
B. Other registers 
are defined 
as 
follows: 


Program 
Counter 


The program 
counter 
is a 16-bit register 
which 
always 
points 
to the next instruction. 


Stack Pointer 


The stack pointer 
is a 16-bit register which contains 
the 
address 
of the 
next 
available 
location 
in a pushdown/ 


pullup 
(LIFO) queue. The stack resides in random-access 
memory 
at a location 
defined 
by the programmer. 


Index Register 


The index 
register 
is a 16-bit register 
that can be used 
to store data or provide 
an address for the indexed 
mode 
of addressing. 


Accumulators 


The MPU contains 
two 
8-bit 
accumulators, 
A and B, 
which 
are used to store operands 
and results 
from 
the 


arithmetic 
logic 
unit 
(ALU). They can also be concaten- 


ated and referred 
to as the D (double) 
accumulator. 


Condition 
Code Register 


The condition 
code register 
indicates 
the results of an 
instruction 
and includes the following 
five condition 
bits: 


negative 
(N), zero (Zl. overflow 
(Vl. carry/borrow 
from 
MSB (Cl. and half carry 
from 
bit 3 (H). These 
bits are 


testable 
by the conditional 
branch 
instructions. 
Bit 4 is 


the interrupt 
mask (I bit) and inhibits 
all maskable 
inter- 


rupts when set. The two unused bits, B6 and B7, are read 
as ones. 


ADDRESSING 
MODES 


Six addressing 
modes can be used to reference 
mem- 


ory. A summary 
of addressing 
modes for all instructions 


is presented 
in Table 9, 10, 11, and 12; execution 
times 


are provided 
in E cycles. Instruction 
execution 
times 
are 


summarized 
in Table 
13. With 
an input 
frequency 
of 4 
MHz, one E cycle 
is equivalent 
to one microsecond. 
A 
cycle-by-cycle 
description 
of bus activity 
for each instruc- 
tion 
is provided 
in Table 14; descriptions 
of selected 
in- 


structions 
are shown 
in Figure 24. 


Immediate 
Addressing 


The operand 
or "immediate 
byte(s)" 
is contained 
in the 
following 
byte(s) of the instruction 
where the number 
of 
bytes matches the size of the register. 
These are two- or 
three-byte 
instructions. 


Direct Address 


The 
least-significant 
byte 
of the operand 
address 
is 
contained 
in the second 
byte of the instruction, 
and the 


most-significant 
byte 
is assumed 
to be $00. Direct 
ad- 
dressing 
allows the user to access $00 through 
$FF, using 
two-byte 
instructions, 
and execution 
time 
is reduced 
by 
eliminating 
the additional 
memory 
access. In most 
ap- 


plications, 
the 256-byte 
area is reserved 
for 
frequently 
referenced 
data. 


Extended 
Addressing 


The second 
and third 
bytes of the instruction 
contain 
the absolute 
address 
of the operand. 
These are three- 
byte instructions. 
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OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , OP 
MNEM 
MODE 
- , 


00 
34 
DES 
INHER 
3 
1 
68 
ASL 
INOXQ 
6 
2 
9C 
CPx 
O'A 
5 
2 
00 
SUBS 
O,A 
3 
2 


01 
NOP 
INHER 
2 
1 
35 
TXS 
3 
I 
69 
AOL 


t 


6 
2 
90 
JSA 


* 


5 
2 
01 
CMPB 
3 
2 


02 
36 
P$HA 
3 
1 
6A 
OEC 
6 
2 
9E 
LOS 
, 
2 
02 
S8CB 
3 
2 


03 
37 
P$HB 
3 
1 
6B 
9F 
STS 
OIA 
, 
2 
03 
ADOD 
5 
2 


04 
L$RD 
3 
1 
3B 
PULX 
5 
1 
6C 
'NC 
6 
2 
AO 
$UBA 
INOXO 
, 
2 
Q4 
ANDB 
3 
2 


OS 
A$lD 
3 
1 
39 
ATS 
5 
1 
60 
TST 
6 
2 
Al 
CMPA 
, 
2 
OS 
BITS 
3 
2 


06 
TAP 
2 
1 
3A 
ABX 
3 
1 
6E 
JMP 
3 
2 
A2 
saCA 
, 
2 
06 
LDAS 
3 
2 


07 
TPA 
2 
1 
3B 
AT! 
10 
1 
6F 
CLA 
INoxD 
6 
2 
A3 
SUBD 
6 
2 
07 
STAB 
3 
2 


06 
INX 
3 
1 
3C 
P$HX 
, 
I 
70 
NEG 
EXTND 
6 
3 
A' 
ANOA 
, 
2 
OB 
EORB 
3 
2 


09 
OEX 
3 
1 
30 
MUL 
10 
I 
71 
AS 
BITA 
, 
2 
09 
ADea 
3 
2 


OA 
CLV 
2 
1 
3E 
WAI 
9 
I 
72 
A6 
lOAA 
, 
2 
OA 
DRAB 
3 
2 


OB 
SEV 
2 
1 
3F 
SWI 
12 
1 
73 
COM 
6 
3 
A2 
STAA 
, 
2 
DB 
ADDS 
3 
2 


OC 
ClC 
2 
1 
4Q 
NEGA 
2 
1 
74 
lSA 
6 
3 
AB 
EORA 
, 
2 
DC 
lOO 
, 
2 


00 
SEC 
2 
1 
41 
75 
A9 
AOCA 
, 
2 
00 
STO 
, 
2 


OE 
W 
2 
I 
42 
76 
ADA 
6 
3 
AA 
DRAA 
, 
1 
DE 
LOX 
, 
2 


OF 
SEi 
2 
1 
'3 
COMA 
2 
1 
n 
ASA 
6 
3 
AB 
ADDA 
, 
2 
OF 
STX 
O,A 
, 
2 


10 
SBA 
2 
1 
44 
l$AA 
2 
1 
2B 
ASl 
5 
3 
AC 
CPX 
6 
2 
EO 
SUBS 
INoxa , 
2 


11 
CBA 
2 
1 
'5 
79 
AOL 
6 
3 
AD 
JSA 
6 
2 
E1 
CMPB 
, 
2 


12 
46 
RQRA 
2 
1 
7A 
OEC 
6 
3 
AE 
LOS 
5 
2 
E2 
S8CB 
, 
2 


13 
47 
A$RA 
2 
1 
7B . 
AF 
STS 
INOXQ 
5 
2 
E3 
ACDD 
6 
2 


" 


48 
A$LA 
2 
1 
2C 
'NC 
6 
3 
BO 
SUSA 
EXTND , 
3 
E' 
ANOS 
, 
2 


IS 
'9 
AOlA 
2 
1 
70 
TST 
6 
3 
Bl 
CMPA 
, 
3 
E5 
BITS 
, 
2 


16 
TAB 
2 
I 
'A 
CECA 
2 
1 
7E 
JMP 
3 
3 
B2 
saCA 
, 
3 
E6 
lDAS 
, 
2 


17 
TBA 
, 


2 
1 
'B 
7F 
CLA 
EXTNO 
6 
3 
B3 
SueD 
6 
3 
E7 
STAB 
, 
2 


lB 
'C 
INCA 
2 
1 
IlO 
SUBA 
IMMED , 
2 
B' 
ANDA 
, 
3 
EB 
EORB 
, 
2 


19 
OAA 
INHER 
2 
I 
'0 
ISlA 
2 
1 
Bl 
CMPA 
2 
2 
B5 
BITA 
, 
3 
E9 
ADea 
, 
2 


lA 
4E 
T 
B2 
saCA 
2 
2 
B6 
LDAA 
, 
3 
EA 
DRAB 
, 
2 


lB 
ABA 
INHEA 
2 
1 
4F 
Cl.AA 
2 
I 
83 
SUBD 
, 
3 
B7 
STAA 
, 
3 
EB 
ADDS 
, 
2 


lC 
so 
NEGB 
2 
1 
B4 
ANQA 
2 
2 
B8 
EORA 
, 
3 
EC 
LOO 
5 
2 


10 
51 
B5 
BITA 
2 
2 
B9 
ACCA 
, 
3 
EO 
STO 
5 
2 


1E 
52 
B6 
LDAA 
2 
2 
BA 
QRAA 
, 
3 
EE 
LOX 
5 
2 


1F 
53 
COMB 
2 
1 
B7 
BB 
ADDA 
, 
3 
EF 
STX 
INOXO 
5 
2 


20 
BAA 
AEL 
3 
2 
54 
l$RB 
2 
1 
B8 
fORA 
2 
2 
BC 
CPX 
6 
3 
FO 
SuBS 
ExTNO , 
3 


21 
BAN 
3 
2 
55 
89 
P,O(A 
2 
2 
BO 
JSA 
6 
3 
F1 
CMPB 
, 
3 


22 
BHI 
3 
2 
56 
RQRB 
2 
1 
BA 
QRAA 
2 
2 
BE 
LOS 
5 
3 
F2 
S8CB 
, 
3 


23 
BLS 
3 
2 
57 
A$RB 
2 
1 
BB 
AoaA 
2 
2 
BF 
STS 
EXTND 
5 
3 
F3 
ADOD 
6 
) 


2' 
BCC 
3 
2 
58 
A$LB 
2 
1 
BC 
CPX 
IMMED 
, 
3 
CO 
SUBB 
IMMED 
2 
2 
f4 
ANDB 
, 
) 


2S 
BCS 
3 , 
59 
AOLB 
2 
1 
BO 
BSA 
AEL 
6 
2 
C1 
CMPB 
2 
2 
F5 
BITB 
, 
) 


26 
BNE 
3 
2 
SA 
DECB 
2 
1 
BE 
LOS 
IMMED 
3 
3 
C2 
SBCB 
2 
2 
F6 
LDAB 
, 
3 


27 
BED 
3 
2 
5B 
BF 
C3 
ADDD 
, 
3 
F7 
STAB 
, 
3 


28 
BVC 
3 
2 
sc 
INCB 
2 
1 
90 
SUBA 
OIA 
) 
2 
C' 
ANDB 
2 
2 
FB 
EDRB 
, 
3 


29 
BVS 
3 
2 
SO 
TSTB 
2 
1 
91 
CMPA 
3 
2 
C5 
BITS 
, 
2 
F9 
ADCS 
, , 


2A 
BPL 
3 
2 
5E 
T 
92 
SSCA 
3 
2 
C6 
LDAB 
2 
2 
FA 
DRAB 
, , 


2B 
BMI 
3 
2 
SF 
CLAB 
INHER 
2 
I 
93 
SuBD 
5 
2 
C7 
FB 
ADDS 
, 
; 


2C 
BGE 
3 
2 
60 
NEG 
INDXO 
6 
2 
94 
ANQA 
3 
2 
CB 
EDRB 
2 
2 
FC 
LOO 


20 
BLT 
3 
2 
61 


t 


9S 
BITA 
3 
2 
C9 
ADCS 
2 
2 
FO 
SIC 
5 


2E 
BGT 
3 
2 
62 
96 
LDAA 
3 
2 
CA 
DRAB 
2 
2 
FE 
-- 
5 
; 


2F 
BLE 
AEL 
3 
2 
63 
COM 
6 
2 
97 
STAA 
3 
2 
CB 
ADDS 
2 
2 
FF 
E.llTND , 
) 


30 
TSX 
INHER 
3 
1 
64 
LSA 
6 
2 
96 
EORA 
3 
2 
CC 
LOO 
) 
3 


31 
INS 


~ 


3 
1 
65 
99 
ADCA 
3 
2 
co 
. 
_::= 
NED 
OP 
CODE 


32 
PULA 
, 
1 
66 
ADA 
6 
2 
9A 
DRAA 
3 
2 
CE 
LOX 
IMMED 
3 
3 


33 
PULB 
, 
1 
67 
ASA 
INDxa 
6 
2 
9B 
ADDA 
3 
2 
OF 


NOTES: 


1. Addressing Modes: 


INHER= Inherent INOXO~ Indexed 
REL= Relative 
EXTNO= Extended 


2. Unassigned opcodes are indicated by ..•.. and should not be executed. 
3. Codes marked by "1" 
force the PCto function as a 16-bit counter. 


Indexed 
Addressing 


The unsigned 
offset 
contained 
in the second 
byte of 
the instruction 
is added with 
carry to the index 
register 
and is used to reference 
memory 
without 
changing 
the 
index 
register. 
These are two-byte 
instructions. 


is overwritten 
with 
the 
sum 
of signed 
single-byte 
dis- 


placement 
in the second 
byte of the instruction 
and the 


current 
program 
counter. 
This provides 
a branch 
range 


of - 126 to + 129 bytes from the first byte of the instruc- 
tion. These are two-byte 
instructions. 


Inherent 
Addressing 


The operand(s) 
is a register, 
and no memory 
reference 


is required. 
These are single-byte 
instructions. 
Table 
14 provides 
a detailed 
description 
of the infor- 
mation 
present 
on the 
address 
bus, data bus, and the 
read write 
(RW) line during 
each cycle of instruction. 


The information 
is useful 
in comparing 
actual 
results 
with expected 
results during 
debug of both software 
and 


Relative 
Addressing 


Relative 
addressing 
is used 
only 
for 
branch 
instruc- 


tions. If the branch condition 
is true, the program 
counter 


• 
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I 


Condition 
Codes 


Immod 
Direct 
Index 
Extnd 
Inherent 
Boolean/ 
5 
4 
3 
2 , 
0 


Pointer Operations 
MNEM 
Op 
- , Op- , Op 
- , Op - , Op - , 
Arithmetic 
Operation 
H 
I 
N 
Z 
V 
C 


Compare 
Index 
Register 
CPX 
BC 
4 
3 
9C 
5 
2 
AC 
6 
2 
BC 
6 
3 
X-M:M+l 
· · I I I I 


Decrement 
Index 
Register 
DEX 
09 
3 
1 
X-l-X 
· · · I · · 
Decrement 
Stack 
Pointer 
DES 
34 
3 
1 
SP-l-SP 
· · · · · · 


Increment 
Index 
Register 
INX 
00 
3 
1 
X+l-X 
· · · I · · 


Increment 
Stack 
Pointer 
INS 
31 
3 
1 
1SP+l-$P 
· · · · · · 


Load 
Index 
Register 
LDX 
CE 
3 
3 
DE 
4 
2 
EE 
5 
2 
FE 
5 
3 
M-X~,IM+lI-XI 
·· 


R · 


Load 
Stack 
Pointer 
LDS 
8E 
3 
3 
9E 
4 
2 
AE 
5 
2 
BE 
5 
3 
M-SPH.IM+ 
11-SPL 
· · 
R · 


Store 
Index 
Register 
STX 
DF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M,XL 
-IM+l) 
· · 


R · 


Store 
Stack 
Pointer 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH-M,SPL 
-IM+]) 
· · 


R · 


Index 
Reg - 
Stack 
Pointer 
TXS 
35 
3 
1 
X-l-SP 
· · · · · · 


Stack 
Pntr 
Index 
Register 
TSX 
30 
3 
1 
SP+ l-X 
· · · · · · 


Add 
ABX 
3A 
3 
1 
B+X-X 
· · · · · · 
Push 
Data 
PSHX 
3C 
4 
1 
XL-MSp,SP 
I-SP 
· · · · · · 
XH - 
MSp,SP- 
1- 
SP 


Pull Data 
PULX 
38 
5 
1 
SP+l-SP,MSp-XH 
· · · · · · 
SP+l-SP,MSp-XL 


Condition 
Codes 


Accumulator 
and 
Immod 
Direct 
Index 
Extend 
I"her 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM 
Op 
- , Op 
- , Op 
- , Op 
- , Op 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


Add 
Accumulators 
ABA 
lB 
2 
1 
A+B-A 
I 
.TfT II 


AddBtoX 
ABX 
3A 
3 
1 
OO:B+X-X 
· · · · · · 


Add 
with 
Carry 
ADCA 
B9 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
· 
ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
· 


Add 
ADDA 
BB 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M-A 
· 


ADDB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-A 
· 
Add 
Double 
ADDD 
C3 
4 
3 
D3 
5 
2 
E3 
6 
2 
F3 
6 
3 
D+M:M+l-D 
· · 


And 
ANDA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
· · 


R · 


ANDB 
C4 
2 
2 
D4 
3 
2 
E4 
4 
2 
F4 
4 
3 
B·M-B 
· · 


R · 
Shift 
left, 
Arithmetic 
ASL 
56 
6 
2 
7B 
6 
3 
- 
· · 


ASLA 
4B 
2 
1 
@] -111111111 
-0 · · 


ASLB 
58 
2 
1 
b7 
bO 
· · 


Shift 
left 
Double 
ASLD 
05 
3 
1 
· · 
Shift 
Right, 
Arithmetic 
ASR 
67 
6 
2 
77 
6 
3 
qIIIi IIII-@] · · 


ASRA 
47 
2 
1 
· · I I I I 


ASRB 
57 
2 
1 
b7 
bO 
· · I I I I 


Bit 
Test 
BITA 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
· ·ITIT A · 
BITB 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
· • II II 
A · 
Compare 
Accumulators 
CBA 
11 
2 
1 
A-B 
· • II II IT 


Ctear 
CLR 
6F 
6 
2 
7F 
6 
3 
OO-M 
· · 


R 
S 
R 
R 


CLAA 
4F 
2 
1 
OO-A 
· · 


A 
S 
R 
R 


CLRB 
5F 
2 
1 
OO-B 
· · 
R 
S 
R 
R 


Compare 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
Bl 
4 
3 
A-M 
· · II 


CMPB 
Cl 
2 
2 
Dl 
3 
2 
El 
4 
2 
Fl 
4 
3 
B 
M 
· · I I I I 


1'5 Complement 
COM 
63 
6 
2 
73 
6 
3 
M-M 
· • II II 
R 
S 


COMA 
43 
2 
1 
A-A 
· · I I 
R 
S 


COMB 
53 
2 
1 
B-B 
· · I I 
R 
S 
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Conditton 
Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM 
Op - , Op 
- , Op 
- , Op 
- , Op 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


Decimal 
Adjust, 
A 
DAA 
19 
2 
1 
AdJ binary 
sum 
10 BCD 
· · I I I I 


Decrement 
DEC 
6A 
6 
2 
7A 
6 
3 
M-l-M 
· · I I I · 


DECA 
4A 
2 
1 
A-l-A 
· · I I I · 
DEC8 
5A 
2 
1 
B-l-B 
· · I I I · 


Exclusive 
OR 
EOAA 
88 
2 
2 
98 
3 
2 
AS 
4 
2 
88 
4 
3 
AEIlM-A 
· · I I 
A · 


EOA8 
C8 
2 
2 
DB 
3 
2 
E8 
4 
2 
F8 
4 
3 
8E1lM-8 
· · I I 
A · 


Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-M 
· · I I I · 


INCA 
4C 
2 
1 
A+l-A 
· · I I I · 


INC8 
5C 
2 
1 
8+1-8 
· · I I I · 


Load 
Accumulators 
LDAA 
B6 
2 
2 
96 
3 
2 
A6 
4 
2 
86 
4 
3 
M-A 
· · I I 
A · 


LDA8 
C6 
2 
2 
DB 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-8 
· · I I 
A · 


Load 
Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
MM+ 
1-0 
· · I I 
A · 


Logical 
Shift. 
Left 
LSL 
68 
6 
2 
78 
6 
3 
· · I I I I 


LSLA 
48 
2 
1 
- 
· · I I I I 
@]-illlllill 
-0 


LSL8 
58 
2 
1 
b7 
bO 
· · I I I I 


LSLD 
05 
3 
2 
· · I I I I 


Shilt 
Right, 
Logical 
LSA 
64 
6 
2 
74 
6 
3 
- 
· · 


A I I I 


LSAA 
44 
2 
1 
o -IIIIIIIII-@] 
· · 


A I I I 


LSA8 
54 
2 
1 
b7 
bO 
· · 


A I I I 


LSAD 
04 
3 
1 
· · 


A I I I 


Multiply 
MUL 
3D 
10 
1 
Ax8 
D 
· · · · · I 


2's 
Complemenl 
INegale) 
NEG 
60 
6 
2 
70 
6 
3 
OO-M-M 
· · I I I I 


NEGA 
40 
2 
1 
oo-A 
A 
· · I I I I 


NEG8 
50 
2 
1 
00- 
8-8 
· · I I I I 


No Operation 
NOP 
01 
2 
1 
PC+ 
1 
PC 
· · · · · · 


InclUSive 
OR 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
8A 
4 
3 
A+M-A 
· · I I 
A · 
OAA8 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+M-B 
· · I I 
A · 
Push 
Data 
PSHA 
36 
3 
1 
A- 
Stack 
· · · · · · 
PSH8 
37 
3 
1 
B-Stack 
· · · · · · 
Pull 
Data 
PULA 
32 
4 
1 
Stack 
A 
· · · · · 


PUL8 
33 
4 
1 
Stack 
-B 
· · · · · · 
Rotate 
Left 
AOL 
69 
6 
2 
79 
6 
3 
- 
· · I I I I 


AOLA 
49 
2 
1 @]-illlllill-il 
· · I I I I 


AOL8 
59 
2 
1 
,,7 
'''' 
· · I I I I 


ROlate 
Right 
AOA 
66 
6 
2 
76 
6 
3 
- 
· · I I I I 


AOAA 
46 
2 
1 
8-1111111I1-E] 
· · I I I I 


AOA8 
56 
2 
I 
h' 
" 
· · I I I I 


Sublract 
Accumulator 
S8A 
10 
2 
1 
A 
8-A 
· · I I I I 


Subtract 
With 
Carry 
S8CA 
82 
2 
2 
92 
3 
2 
A2 
4 
2 
82 
4 
3 
A 
M 
C 
A 
- 
· I I I I 


S8C8 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
8- 
M 
C-8 
· I I I I 


Store 
Accumulators 
STAA 
97 
3 
2 
A7 
4 
2 
87 
4 
3 
A 
M 
· · I I 
A · 


STA8 
D7 
3 
2 
E7 
4 
2 
F7 
4 
3 
8 
M 
· · I I 
A · 
STD 
DD 
4 
2 
ED 
5 
2 
FD 
5 
3 
D-MM 
.• \ 
· · I I 
A · 
Subtract 
SU8A 
80 
2 
2 
90 
3 
2 
AD 
4 
2 
80 
4 
3 
A-M 
A 
· · I I I I 


SU88 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
8-M-8 
· 
I I I I 


Subtract 
Double 
SU8D 
83 
4 
3 
93 
5 
2 
A3 
6 
2 
83 
6 
3 
0- 
fv1 M- 
1 
D 
· · I I I I 


Transfer 
Accumulator 
lA8 
16 
2 
1 
A 
8 
· · I I 
R 


T8A 
17 
2 
I 
8 
A 
· · I I 
A · 
Test. 
Zero 
or Minus 
1ST 
6D 
6 
2 
7D 
6 
3 
M 
00 
· · I I 
R 
R 


TSTA 
4D 
2 
1 
A 
00 
· · I I 
R 
R 


TST8 
5D 
2 
1 
8 
00 
· 
I I " 
H 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-163 


• 


Condition Code Reg. 


Direct 
Relative 
Indox 
Extend 
Inherent 
5 
4 
3 
2 
1 
0 
Operations 
MNEM 
Op - , Op - , Op - , Op - , Op - , 
Branch Test 
H 
I 
N 
2 
V 
C 


Branch Always 
BRA 
20 
3 
2 
None 
· · · · · · 
Branch Never 
BRN 
21 
3 
2 
None 
· · · · · · 


Branch If Carry Clear 
BCC 
24 
3 
2 
C-O 
· · · · · · 
Branch 
II Carry 
Set 
BCS 
25 
3 
2 
C=1 
· · · · · · 
Branch It = Zero 
BEQ 
27 
3 
2 
Z= 1 
· · · · · · 
Branch 
If 
C!::Zero 
BGE 
2C 
3 
2 
NEDV-O 
· · · · · · 
Branch 
If > Zero 
BGT 
2E 
3 
2 
Z+IN 
EDVI-O 
· · · · · · 
Branch 
If Higher 
BHI 
22 
3 
2 
C+2=0 
· · · · · · 
Branch 
If Higher 
or Same 
BHS 
24 
3 
2 
C=O 
· · · · · · 
Branch If :sZero 
BLE 
2F 
3 
2 
Z+INEDVI=l 
· · · · · · 
Branch If Carry Set 
BLO 
25 
3 
2 
C=I 
· · · · · · 
Branch 
If lower 
Or Same 
BLS 
23 
3 
2 
C+Z-l 
· · · · · · 
Branch 
If <Zero 
BLT 
20 
3 
2 
NEDv_I 
· · · · · · 


Branch 
If Minus 
BMI 
2B 
3 
2 
N=I 
· · · · · · 
Branch 
If Not 
Equal 
Zero 
BNE 
26 
3 
2 
z=o 
· · · · · · 
Branch 
It Overflow 
Clear 
BVC 
2B 
3 
2 
V=O 
· · · · · · 
Branch 
II Overflow 
Set 
BVS 
29 
3 
2 
V-I 
· · · · · · 
Branch 
If Plus 
BPL 
2A 
3 
2 
N-O 
· · · · · · 
Branch To Subroutine 
BSR 
BO 
6 
2 
· · · · · · 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
See Special OperatIons-Figure 
24 • · · · · · 
Jump 
To 
Subroutine 
JSR 
90 
5 
2 
AD 6 
2 
BO 6 
3 
· · · · · · 
No Operation 
NQP 
01 
2 
1 
· · · · · · 
Return 
From 
Interrupt 
Rli 
3B 10 
1 
III I I III 


Return 
From 
Subroutine 
RTS 
39 
5 
1 
See SpecIal 
OperatIons-Figure 
24 
• · · · · · 


Software 
Interrupt 
SWI 
3F 
12 
1 
· 


S · · · · 
Wait 
For Interrupt 
WAI 
3E 
9 
1 
· · · · · · 


Condition 
Code Register 


Inherent 
5 
4 
3 
2 
, 
0 
Operations 
MNEM 
Op 
- , 
Boolean Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
CLC 
OC 
2 
1 
0 
C 
· · · · · 


R 


Clear Interrupt 
Mask 
Cli 
OE 
2 
1 
0 
I 
· 


R · · · · 
Clear Overflow 
CLV 
OA 
2 
1 
0 
V 
· · · · 


R · 
Set Carry 
SEC 
OD 
2 
1 
1 
C 
· · · · · 


S 


Set Interrupt 
Mask 
SEI 
OF 
2 
1 
I-I 
· 


S · · · · 
Set Overflow 
SEV 
OB 
2 
1 
I-V 
· · · · 


S · 
Accumulator 
A - 
eeR 
TAP 
06 
2 
1 
A-CCR 
I 
I 
I 
I 
I 
I 


eeA - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR-A 
· · · · · · 


CONOITION 
CODE SYMBOLS 
H 
Half-carry 
trom bit 3 


I 
Interrupt 
mask 
N 
Negative 
(sign bltl 
Z 
Zero Iby tel 
V 
Overflow, 
2'5 complement 


C 
Carryl 
Borrow from MSB 


A 
Reset 
Always 


S 
Set Always 
I 
Affected 
• 
Not Affected 


Operation 
Code (Hexadeclmall 


Number 
of MPU Cycles 
Contents 
of memory 
location 
pOInted to by Stack POinter 


Number 
of Program 
Bytes 


Arithmetic 
Plus 
Arithmetic 
Minus 


Boolean AND 
Arithmetic 
Multiply 


Boolean 
InclusIve OR 
Boolean 
Exclusive OR 
M 
Complement 
of M 
Transfer 
Into 


o 
Bit=Zero 


00 
Byte = Zero 
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ADDRESSING 
MODE 


! 
" 
• 
c 
CD 
:;; 
CD 
" 
" 


CD 
CD 
> 


CD 
U 
c 
'; 
E 
CD 


M 
• 
~ 
! 


CD 
~ 
';; 
" 


.<: 
CD 
0 
w 
E 
E 
II: 


ABA 
• 
• 
• 
• 
2 
• 


ABX 
• 
• 
• 
• 
3 
• 


ADC 
2 
3 
4 
4 
• 
• 


ADD 
2 
3 
4 
4 
• 
• 
AD DO 
4 
5 
6 
6 
• 
• 
AND 
2 
3 
4 
4 
• 
• 


ASL 
• 
• 
6 
6 
2 
• 


ASLD 
• 
• 
• 
• 
3 
• 


ASR 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 


BCS 
• 
• 
• 
• 
• 
3 
BEG 
• 
• 
• 
• 
• 
3 


BGE 
• 
• 
• 
• 
• 
3 
BGT 
• 
• 
• 
• 
• 
3 


BHI 
• 
• 
• 
• 
• 
3 
BHS 
• 
• 
• 
• 
• 
3 
BIT 
2 
3 
4 
4 
• 
• 


BLE 
• 
• 
• 
• 
• 
3 
BLo 
• 
• 
• 
• 
• 
3 
BLS 
• 
• 
• 
• 
• 
3 
BU 
• 
• 
• 
• 
• 
3 
BMI 
• 
• 
• 
• 
• 
3 
BNE 
• 
• 
• 
• 
• 
3 
BPL 
• 
• 
• 
• 
• 
3 
BRA 
• 
• 
• 
• 
• 
3 
BRN 
• 
• 
• 
• 
• 
3 
BSR 
• 
• 
• 
• 
• 
6 
BVC 
• 
• 
• 
• 
• 
3 
BVS 
• 
• 
• 
• 
• 
3 
CBA 
• 
• 
• 
• 
2 
• 
CLC 
• 
• 
• 
• 
2 
• 
Cli 
• 
• 
• 
• 
2 


CLR 
• 
• 
6 
6 
2 
CLV 
• 
• 
• 
• 
2 
CMP 
2 
3 
4 
4 
• 
COM 
• 
• 
6 
6 
2 
CPX 
4 
5 
6 
6 
• 
DAA 
• 
• 
• 
• 
2 
DEC 
• 
• 
6 
6 
2 
DES 
• 
• 
• 
• 
3 
DEX 
• 
• 
• 
• 
3 
EoR 
2 
3 
4 
4 
• 
INC 
• 
• 
6 
6 
• 
INS 
• 
• 
• 
• 
3 


ADDRESSING 
MODE 


! 
" 
• 
.• 
" 
c 


CD 
:;; 


U 
" 
.• 
! 
.~ 
.• 
C 
M 
:0 
E 
! 
! 
.• 
.• 
~ 
0 


M 
" 


.<: 
"i 
w 
E 
E 
II: 


INX 
• 
• 
• 
• 
3 
• 


JMP 
• 
• 
3 
3 
• 
• 


JSR 
• 
5 
6 
6 
• 
• 
LOA 
2 
3 
4 
4 
• 
• 
LDD 
3 
4 
5 
5 ·. • 


LOS 
3 
4 
5 
5 
• 
• 
LOX 
3 
4 
5 
5 
• 
• 


LSL 
• 
• 
6 
6 
2 
• 


LSLD 
• 
• 
• 
• 
3 
• 
LSR 
• 
• 
6 
6 
2 
• 
LSRD 
• 
• 
• 
• 
3 
• 


MUL 
• 
• 
• 
• 
10 
• 
NEG 
• 
• 
6 
6 
2 
• 


NoP 
• 
• 
• 
• 
2 
• 


ORA 
2 
3 
4 
4 
• 
• 
PSH 
• 
• 
• 
• 
3 
• 
PSHX 
• 
• 
• 
• 
4 
• 
PUL 
• 
• 
• 
• 
4 
• 
PULX 
• 
• 
• 
• 
5 
• 
RoL 
• 
• 
6 
6 
2 
• 
RoR 
• 
• 
6 
6 
2 
• 
RTI 
• 
• 
• 
• 
10 
• 
RTS 
• 
• 
• 
• 
5 
• 
SBA 
• 
• 
• 
• 
2 
• 


SBC 
2 
3 
4 
4 
• 
• 


SEC 
• 
• 
• 
• 
2 
• 
SEt 
• 
• 
• 
• 
2 
• 


SEV 
• 
• 
• 
• 
2 
• 
STA 
• 
3 
4 
4 
• 
• 
STD 
• 
4 
5 
5 
• 
• 
STS 
• 
4 
5 
5 
• 
• 
STX 
• 
4 
5 
5 
• 
SUB 
2 
3 
4 
4 
• 
SUBD 
4 
5 
6 
6 
• 
SWI 
• 
• 
• 
• 
12 
TAB 
• 
• 
• 
• 
2 
TAP 
• 
• 
• 
• 
2 
TBA 
• 
• 
• 
• 
2 
TPA 
• 
• 
• 
• 
2 
TST 
• 
• 
6 
6 
2 
TSX 
• 
• 
• 
• 
3 
TXS 
• 
• 
• 
• 
3 
WAI 
• 
• 
• 
• 
9 
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Address Mode and 


Instructions 


IMMEDIATE 


ADC 
EOR 
2 
, 
Opeode 
Address 
, 
Opeode 


ADD 
LOA 
2 
Opeode 
Address + 1 
1 
Operand 
Data 


AND 
ORA 
BIT 
SBC 
CMP 
SUB 


LOS 
3 
1 
Opeode 
Address 
, 
Opeode 


LOX 
2 
Gpeode 
Address 
+ 1 
, 
Operand 
Data I HIgh Order 
By tel 


LDD 
3 
Opeode 
Address + 2 
, 
Operand 
Data 
(Low 
Order 
Byte) 


CPX 
4 
, 
Upcode 
Address 
, 
Upeode 


SUBD 
2 
Gpeode 
Address 
+ 1 
1 
Operand 
Data (High Order Byte) 


AD DO 
3 
Opeode 
Address + 2 
1 
Operand 
Data (Low Order Byte) 


4 
Address 
Bus FFFF 
, 
Low 
Byte 
of Restart 
Vector 


ADC 
EOR 
3 
, 
Opeode 
Address 
1 
Opeode 


ADO 
LOA 
2 
Gpeode 
Address 
+ 1 
1 
Address of Operand 


AND 
ORA 
3 
Address of Operand 
1 
Operand Data 


BIT 
SBC 


CMP 
SUB 


STA 
3 
1 
Opeode 
Address 
1 
Opeode 


2 
Opeode 
Address + 1 
, 
DestinatIOn Address 


3 
Destination 
Address 
0 
Data from Accumulator 


LOS 
4 
1 
Opeode 
Address 
, 
Opeode 


LOX 
2 
Gpeode 
Address 
+ 1 
1 
Address of Operand 


LDO 
3 
Address 01 Operand 
1 
Operand 
Data I High Order By tel 


4 
Operand 
Address + 1 
, 
Operand 
Data (Low Order Byte) 


STS 
4 
1 
Gpeode 
Address 
I 
Opeode 


STX 
2 
Gpeode 
Address + 1 
1 
Address 01 Operand 


STD 
3 
Address 01 Operand 
0 
Register Data (High Order Byte) 


4 
Address of Operand + 1 
0 
Register Data I Low Order Byte) 


CPX 
5 
1 
Gpeode 
Address 
1 
Opeode 


SUBD 
2 
Gpeode 
Address + 1 
1 
Address of Operand 


AD DO 
3 
Operand 
Address 
1 
Operand 
Data I HIgh Order Byte) 


4 
Operand 
Address + 1 
1 
Operand 
Data lLow Order Byte) 
5 
Address 
Bus FFFF 
I 
Low Byte of Restart Vector 


JSR 
5 
1 
Opcode 
Address 
1 
Gpeode 


2 
Opcode 
Address + 1 
1 
Irrelevant Data 
3 
Subroutine 
Address 
1 
First SubroUtlne 
Opcode 


4 
Stack POinter 
0 
Return Address I Low Order Byte' 


5 
Stack POInter - 1 
0 
Return Address (High Order Byte) 
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Add •.•• 
Made 
8nd 


1nstrueti0n8 


EXTENDED 


JMP 
3 
1 
Ope ode Address 
1 
Opeode 


2 
Ope ode Address + 1 
1 
Jump 
Address 
(High 
Order 
Byte) 
3 
Opeode 
Address + 2 
1 
Jump 
Address 
(Low 
Order 
Byte) 


ADC 
EOR 
4 
1 
Opeode 
Address 
1 
Opeode 
ADD 
LDA 
2 
Opeode 
Address + 1 
1 
Address 
of Operand 
AND 
ORA 
3 
Opeode 
Address + 2 
1 
Address 
of Operand 
I Low 
Order 
Byte} 


BIT 
SBC 
4 
Address 
of Operand 
1 
Operand 
Data 
CMP 
SUB 


STA 
4 
1 
Opeode 
Address 
1 
Opeode 


2 
Opeode 
Address + 1 
1 
Destination 
Address (High Order Byte) 


3 
Opeode 
Address + 2 
1 
Destination 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Destination 
Address 
0 
Data from Accumulator 


LDS 
5 
1 
Opeode 
Address 
1 
Opeode 


LDX 
2 
Opeode 
Address + 1 
1 
Address 
of Operand 
(HIgh 
Order 
Byte) 
LDD 
3 
Opeode 
Address + 2 
1 
Address 
of Operand 
(Low 
Order 
By tel 


4 
Address 
of Operand 
I 
Operand 
Data (High 
Order 
By tel 
5 
Address of Operand + 1 
1 
Operand 
Data (Low 
Order 
By tel 


STS 
5 
1 
Opeode 
Address 
1 
Opeode 


STX 
2 
Opeode 
Address + 1 
1 
Address of Operand 
lHlgh Order By tel 
STD 
3 
Opeode 
Address + 2 
1 
Address 
of Operand 
I Low 
Order 
By tel 
4 
Address of Operand 
0 
Operand 
Data (High Order Byte) 
5 
Address of Operand + 1 
0 
Operand 
Data I Low Order Byte) 


ASL 
LSR 
6 
1 
Opeode 
Address 
I 
Opeode 
ASR 
NEG 
2 
Opcode Address + 1 
1 
Address of Operand 
lHlgh 
Order By tel 
CLR 
ROL 
3 
Opeode 
Address + 2 
1 
Address of Operand 
I Low Order Byte) 
COM 
ROR 
4 
Address of Operand 
1 
Current Operand 
Data 
DEC 
TST" 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


INC 
6 
Address of Operand 
0 
New Operand 
Data 


CPX 
6 
1 
Opcode Address 
1 
Opeode 


SUBD 
2 
Opcode 
Address + 1 
1 
Operand 
Address I High Order Byte) 


ADDD 
3 
Opeode 
Address + 2 
1 
Operand 
Address (Low Order Byte) 


4 
Operand 
Address 
1 
Operand 
Data (High Order Byte) 


5 
Operand 
Address + 1 
1 
Operand 
Data (Low Order By tel 


6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
6 
I 
Opeode 
Address 
1 
Opeode 
2 
Opcode Address + 1 
1 
Address of Subroutine 
(High Order By tel 


3 
Opcode 
Address + 2 
1 
Address 01 Subroullne 
(Low Order Byte) 


4 
Subroutine 
Starting 
Address 
1 
Opcode of Nt::xt Instruction 
5 
Stack POinter 
0 
Return Address (Low Ordpr By tel 


6 
Stack. POinter - 
1 
0 
Return Address (High Order Byte) 
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• 


• 


Add••• 
Mode and 
Instructions 


INDEXED 


R/W 
Line 


JMP 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Aestart 
Vector 


ADC 
EOA 
4 
1 
Opcode 
Address 
1 
Opcode 
I 


ADD 
LOA 
2 
Opcode 
Address 
+ 1 
1 
Offset 


AND 
OAA 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Aestart 
Vector 


BIT 
SBC 
4 
Index 
Aegister 
Plus Offset 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Aestart 
Vector 
4 
Index 
Aegister 
Plus Offset 
0 
Operand 
Data 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address 
+ 1 
1 
Offset 


LDD 
3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Aestart 
Vector 
4 
Index 
Aegister 
Plus Offset 
, 
Operand 
Data 
(High 
Order 
Byte) 
5 
Index 
Aegister 
Plus Offset + 1 
, 
Operand 
Data (Low 
Order 
Byte) 


STS 
5 
, 
Opcode 
Address 
, 
Opcode 


STX 
2 
Opcode 
Address 
+ 1 
1 
Offset 


STD 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Aestart 
Vector 
4 
Index 
Aegister 
Plus Offset 
0 
Operand 
Data (High 
Order 
Byte) 
5 
Index 
Aegister 
Plus Offset + 1 
0 
Operand 
Data (Low 
Order 
Byte) 


ASL 
LSA 
6 
1 
Opcode 
Address 
1 
Opcode 


ASA 
NEG 
2 
Opcode 
Address 
+ 1 
1 
Offset 


CLA 
AOL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


COM 
AOA 
4 
Index 
Aegister 
Plus Offset 
1 
Current 
Operand 
Data 


DEC 
TST' 
5 
Address 
Bus FFFF 
1 
Low 
Byte 
of Aestart 
Vector 


INC 
6 
Index 
Aegister 
Plus Offset 
0 
New 
Operand 
Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 


SUBD 
2 
Opcode 
Address 
+ 1 
1 
Offset 


ADDD 
3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Aestart 
Vector 
4 
Index 
Aegister 
+ Offset 
1 
Operand 
Data 
(High 
Order 
By tel 
5 
Index 
Aegister 
+ Offset + 1 
1 
Operand 
Data 
ILow 
Order 
Byte) 
6 
Address 
Bus FFFF 
Low 
Byte 
of Aestart 
Vector 


JSA 
6 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index 
Aegister+ 
Offset 
1 
First Subroutine 
Opcode 
5 
Stack 
Pointer 
0 
Aeturn 
Address 
(Low 
Order 
Byte) 
6 
Stack 
Pointer-l 
0 
Aeturn 
Address 
(High 
Order 
Byte) 
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I 
A.xn. Mode 
IIfld 
~1lIInICliona 


INHERENT 
~ 
A_.xn. 
__ 
B_"' 
~~ 
D_._tIl_B_U_. 
_ 


ABA 
DAA 
SEC 
2 
1 
Opcode 
Address 
1 
Opcode 


ASL 
DEC 
'SEI 
2 
Opcode 
Address + 1 
1 
Opcode 
of Next 
Instruction 


ASR 
INC 
SEV 
CBA 
LSR 
TAB 


CLC 
NEG 
TAP 
CLI 
NOP 
TBA 
CLR 
ROL 
TPA 


CLV 
ROR 
TST 
COM 
SBA 


ABX 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


ASLD 
3 
1 
Opcode 
Address 
1 
Opcode 


LSRD 
2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


DES 
3 
1 
Opcode 
Address 
1 
Opcode 


INS 
2 
Opcode 
Address + 1 
1 
Opcode 
of Next 
Instruction 


3 
Previous 
Stack 
Pointer 
Contents 
1 
Irrelevant 
Data 


INX 
3 
1 
Opcode 
Address 
1 
Opcode 


DEX 
2 
Opcode 
Address + 1 
1 
Opcode 
of Next 
Instruction 


3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


PSHA 
3 
1 
Opcode 
Address 
1 
Opcode 


PSHB 
2 
Opcode 
Address + 1 
1 
Opcode 
of Next 
Instruction 


3 
Stack 
Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Opcode 
of Next Instruction 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Opcode 
of Next 
Instruction 


3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


PULA 
4 
1 
Opcode 
Address 
1 
Opcode 


PULB 
2 
Opcode 
Address + 1 
1 
Opcode 
of Next 
Instruction 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer + 1 
, 
Operand 
Data 
from 
Stack 


PSHX 
4 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
0 
Index 
Register 
(Low 
Order 
By tel 


4 
Stack 
Pointer-l 
0 
Index 
Register 
(High 
Order 
By tel 


PULX 
5 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
, 
Irrelevant 
Data 
4 
Stack Pointer + 1 
1 
Index 
Register 
(High 
Order 
By tel 


5 
Stack 
Pointer + 2 
, 
Index 
Register 
(Low 
Order 
By tel 


RTS 
5 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer + , 
1 
Address 
of Next 
Instruction 
(High 
Order 
By tel 


5 
Stack 
Pointer + 2 
1 
Address of Next Instruction 
(Low Order Bytel 


WAI 
9 
, 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + , 
1 
Opcode 
of Next Instruction 


3 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
By tel 


4 
Stack 
Pointer-l 
0 
Return 
Address 
(High 
Order 
By tel 


5 
Stack 
Pointer-2 
0 
Index 
Register 
(Low 
Order 
By tel 


6 
Stack 
Pointer- 
3 
0 
Index 
Register 
(High 
Order 
By tel 


7 
Stack 
Pointer-4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
Pointer-5 
0 
Contents 
of Accumulator 
B 
9 
Stack 
Pointer-6 
0 
Contents 
of Cpndition 
Code 
Register 
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• 


Address 
Mode 
and 


Instructions 


INHERENT 


MUL 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


4 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 
5 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


6 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


7 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


B 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 
9 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


10 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


RTI 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
POinter + 1 
1 
Contents 
of ConditIon 
Code 
Register 
from 
Stack 


5 
Stack 
POinter + 2 
1 
Contents 
of Accumulator 
B from 
Stack 


6 
Stack 
POinter + 3 
1 
Contents 
of Accumulator 
A from 
Stack 


7 
Stack 
Pomter + 4 
1 
Index 
Register 
from 
Stack 
(High 
Order 
By tel 


8 
Stack 
Pointer + 5 
1 
Index 
Register 
from 
Stack 
(Low 
Order 
By tel 


9 
Stack 
Pointer + 6 
1 
Next 
Instruction 
Address 
from 
Stack 
tHigh 
Order 
Byte) 


10 
Stack 
Pointer+ 
7 
1 
Next 
Instruction 
Address 
from 
Stack 
(Low 
Order 
Byte) 


SWI 
12 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Stack 
POinter 
0 
Return 
Address 
(Low 
Order 
Byte) 


4 
Stack 
POlnter-' 
0 
Return 
Address 
(High 
Order 
Byte) 


5 
Stack 
POinter - 2 
0 
Index 
Register 
(Low 
Order 
By tel 
6 
Stack 
Pointer - 3 
0 
Index 
Register 
(High 
Order 
Byte) 
7 
Stack 
POInter - 4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
POinter - 5 
0 
Contents 
of Accumulator 
B 
9 
Stack 
POlnter-6 
0 
Contents 
of CondItion 
Code 
RegIster 


10 
Stack 
Pointer - 7 
1 
Irrelevant 
Data 


11 
Vector 
Address 
FFFA 
(Hexl 
1 
Address 
of Subroutine 
(High 
Order 
Byte) 


12 
Vector 
Address 
FFFB (Hexl 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


Bee 
BHT 
BNE 
BlO 
3 
1 
Opcode 
Address 
1 
Opcode 


BeS 
BLE 
BPL 
BHS 
2 
Opcode 
Address + 1 
1 
Branch 
Offset 


BEG 
BLS 
BRA 
BRN 
3 
Address 
Buss FFFF 
1 
Low 
Byte 
of Restart 
Vector 


BGE 
BLT 
BVe 


BGT 
BMI 
BVS 


BSR 
6 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Branch 
Offset 


3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


4 
Subroutine 
Starting 
Address 
1 
Opcode 
of Next 
Instruction 
5 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


6 
Stack 
Pointer - 1 
0 
Return 
Address 
I High 
Order 
By tel 
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JSA, 
Jump 
10 SubrOUllne 
I 


~ 
Main 
Program 


S9D= JSR 


Direct 
K 


RTN 
Next 
Main 
Inslr 


I( = Direct 
Address 


Main 
Program 
~ 
Stack 


I 


~ 
SAD= JSR 
...• SP- 2 


3: 
INDXD 
K= 
Offsel 
e) 


SP-l 
~ 
0 
RTN 
Next 
Main 
lnstr 
SP 
RTNL 
-I0 
::I:l0 
I 


Main 
Program 


~ 
~ 
SBD= JSR 


3: 
SH = Subr 
Addr. 


C'i 
EXTND 


<t' 
::I:l 


SL = Subr. 
Addr. 


..• 0 
RTN 
Next 
Main Inst 
-.I 
"'D 
..• 
::I:l0 
(") 
BSR. Branch 
To Subroutine 
~ 
m 
Main 
Program 
Stack 
VI 
VI 
~ 
SBD= BSR e)...• 
SP- 2 
0 
± K = Offset 
SP-l~ 
::I:l 
C 
RTN 
Next 
Main 
Instr 
SP 
RTNL 
» 
~ 


Main 
Program 
SP 


S3F= SWI 10.... 
SP-7 


SP-6 


SP-5 


SP-4 


SP-3 


Main 
Program 
SP-2 


S3E=WAI Ie) 


SP-l 


SP 


RTI. Return 
from Interrupt 
Interrupt 
Program 
~ 
~ 
S3B= RTI 10 


SP 


SP+ 1 


SP+2 


SP+3 


SP+4 


SP+5 


SP+6 
~ 
SP+ 7 


I~ 


X+K 


RTS. Return 
from 
Subroutine 
Subroutine 
~ 
Stack 
~ 
S39= RTS 


I0 


SP 


SP+ 1 


~ 
~ 
SP+ 2 
RTNL 


Legend 
RTN = Address 
of nexl 
instruction 
In Main 
Program 
10 be executed 
upon 
return 
from 
subroutine 


RTNH = Mosl 
significant 
byte 
of Return 
Address 


RTNl 
= Least 
significant 
byte 
of Return 
Address 


- 
= Stack 
POInter 
After 
Execution 


K:: S·blt 
UnsIgned 
Value 


• 


CondItIOn 
Code 


AcmllrB 


AcmltrA 


Index 
RegIster 
(XH) 


Index 
Register 
(XL) 


RTNH 


RTNL 


Condition 
Code 


AcmltrB 


AcmltrA 


Index 
Register 
(XH) 


Index 
Register 
(XL) 


RTNH 


RTNL 


I(H"" 
Next 
Address 


I(L = Next 
Address 


• 


The following 
information 
is required 
when 
ordering 
a 


custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
using 
the following 
media: 


MOOS, 
disk file 
PC-DOS 
disk file 
(360K) 
EPROM(s) 
Two 
2516 or 2716,or 
a single 
2532, 2732, 


or MC68701 U4 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to 


first 
contact 
the local field-service 
office, 
sales person, 
or 
Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MOOS@or 
PC-DOS disk 


file) may be submitted 
for pattern 
generation. 
They should 
be programmed 
with 
the customer's 
program, 
using 
po- 


sitive 
logic sense for address 
and data. The diskette 
should 
be clearly 
labeled 
with 
the customer's 
name, date, project 


or product 
name, 
and the filename 
containing 
the pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 


program 
source 
code 
listing 
can be included. 
This 
data 


will 
be kept confidential 
and used to expedite 
the process 


in case of any difficulty 
with 
the 
pattern 
file. 


MOOS 
Disk 
File 


MOOS 
is Motorola's 
disk 
operating 
system 
available 


on the 
EXORciser 
development 
system. 
The disk 
media 
submitted 
must 
be a single-sided, 
single-density, 
8-inch, 


MOOS-compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
the 
minimum 
set of 
MOOS 
system 
files 
in ad- 


dition 
to the 
pattern 
file. 


The 
.LO output 
of the 
M6801 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must 
be produced 
using 
the ROLLOUT 
command, 
so that 
it contains 
the absolute 


image 
of the M6801 
memory. 
The entire 
memory 
image 
of both 
program 
and 
data 
space 
must 
be included. 
All 
unused 
bytes, 
including 
those 
in the user space, 
must 
be 
set to logic 
zero. 


PC-DOS 
Disk 
File 


PC-DOS is IBM@ personal 
computer 
disk operating 
sys- 


tem. 
Submitted 
disk 
media 
must 
be 
standard-density 
(360K), 
double-sided, 
5-1/4-inch-compatible 
floppy 
dis- 


kette. 
The 
diskette 
must 
contain 
the 
object 
file 
code 
in 
Motorola's 
S-record 
format. 
The 
S-record 
format 
is a 


chracter-based 
object 
file 
format 
generated 
by 
M6801 
cross 
assemblers 
and linkers 
on IBM PC-style 
machines. 


EPROMS 


Two 
K of EPROM 
are necessary 
to contain 
the 
entire 
MC6801U4 
program. 
Two 
2516 or 2716 type 
EPROMS, 
a 


single 
2532 or 2732 type 
EPROM, 
or an MC68701U4 
can 
be submitted 
for pattern 
generation. 
The EPROM 
is pro- 
grammed 
with the customer 
program, 
using 
positive 
logic 
sense for address 
and data. Submissions 
on two 
EPROMs 
must 
be clearly 
marked. 
All 
unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
Whether 
the 
MC6801 U4 MCU 
ROM 
pattern 
is submit- 
ted on a single 
2532 or 2732 type EPROM, an MC68701 U4, 
or on two 
2516 or 2716 type 
EPROMs, 
memory 
map 
ad- 
dressing 
is one-for-one. 
When 
using 
a single 
2532 or 2732 
EPROM, the ROM pattern 
to be copied 
runs from 
EPROM 
address 
$000 to$FFF. 
If an MC68701 U4 is used, the ROM 
map 
runs from 
$FOOOto $FFFF. If a pair of 2516 or 2716 
type 
EPROMs 
is used, then 
they 
must 
be clearly 
marked; 


the data-space 
ROM runs 
from 
EPROM 
address 
$000 to 
$7FF, and the program-space 
ROM from 
$7FF to $FFF. 


For shipment 
to Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC carrier 
and packed 
securely. 
Styrofoam 
is not acceptable 
for shipment. 


VERIFICATION 
MEDIA 


All original 
pattern 
media, 
EPROMs or floppy 
disks, are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the 
contractual 
agreement 
for the creation 
of the customer 
mask. To aid 
in the 
verification 
process, 
Motorola 
will 
program 
cus- 
tomer-supplied 
blank 
EPROM(s) 
or DOS disks 
from 
the 
data file 
used to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs 
containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the 
pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum-order 
quantity, 
but 
are 
not 
production 
parts. 
These 
RVUs are not guaranteed 
by Motorola 
Quality 
As- 


surance. 


ORDERING 
INFORMATION 


The following 
table 
provides 
generic 
information 
per- 
taining 
to the package type and temperatue 
for the MC6801 
and MC6803. 
These 
MCU devices 
are available 
in 40-pin 
CEROIP and plastic 
dual-in-line 
(DIP) packages. 


MOOS is a trademark 
of Motorola 
Inc. 


IBM is a registered trademark 
of International 
Business Machines Corporation. 
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The following 
table provides generic information 
per- 
taining to the packagetype and temperatue for the MC6801 
and MC6803. These MCU devices are available in 4O-pin 
CERDIPand plastic dual-in-line (DIP) packages. 


Package Type 
Frequency (MHz) 
Temperature 
Part Number 


Cerdip 
1.0 
O· to 70·C 
MC6801U4S1 
(S Suffix) 
1.0 
-40· 
to 85·C 
MC6801U4CSl 
1.25 
O· to 70·C 
MC6801U4S1-1 
1.25 
-40· 
to 85·C 
MC6801U4CS1-l 
1.0 
O· to 70·C 
MC6803U4S 
1.0 
-40· 
to 85·C 
MC6803U4CS 
1.25 
O· to 70·C 
MC6803U4S-1 
1.25 
-40· 
to 85·C 
MC6803U4CS-l 


Plastic 
1.0 
O· to 70·C 
MC6801U4Pl 
(p Suffixl 
1.0 
-40· 
to 85·C 
MC6801U4CPl 
1.25 
O· to 70·C 
MC6801U4P1·1 
1.25 
-40· 
to 85·C 
MC6801U4CP1-l 
1.0 
O· to 70·C 
MC6803U4P 
1.0 
-40· 
to 85·C 
MC6803U4CP 
1.25 
O· to 70·C 
MC6803U4P-l 
1.25 
-40· 
to 85·C 
MC6803U4CP-l 


PIN ASSIGNMENT 


VSS 


XTAL 
SCl 


EXTAL 
3 
SC2 


NMi 
4 
P30 


TIm"1 
5 
P31 


REm 
P32 


P33 


P22 
P36 


P37 


P24 
P40 


Pl0 
P41 


Pll 
27 
P42 


P12 
26 
P43 


P13 
25 
P44 


P14 
24 
P45 


P15 
23 
P46 


P16 
22 
P47 


P17 
21 
VCC 
Standby 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
MC68701 Microcontroller Unit (MCU) 


• 


The MC68701 is an 8-bit single-chip 
EPROM microcontroller 
unit (MCU) which 
significantly 
en- 


hances the capabilities 
of the M6800 Family of parts. It can be used in production 
systems 
to allow 
for easy firmware 
changes 
with 
minimum 
delay or it can be used to emulate 
the MC6801/MC6803 
for software 
development. 
It includes 
an upgraded 
M6800 microprocessor 
unit (MPU) with 
upward 
source 
and object 
code compatibility. 
Execution 
times 
of key instructions 
have been improved 
and 
several 
new instructions 
have been added including 
an unsigned 
multiply. 
The MCU can function 
as a monolithic 
microcomputer 
or can be expanded 
to a 64K byte address 
space. It is TIL 
compati- 
ble and requires 
one + 5 volt 
power 
supply 
for nonprogramming 
operation. 
An additional 
Vpp 


power 
supply 
is needed for EPROM programming. 
On-chip 
resoources 
include 
2048 bytes of 


EPROM, 128 byte of RAM, Serial Communications 
Interface 
(SCll. parallel 
1/0, and a three function 
Programmable 
Timer. 
A summary 
of MCU features 
includes: 


• 
Enhanced 
MC6800 Instruction 
Set 


• 
8 x 8 Multiply 
Instruction 


• 
Serial Communications 
Interface 
(SCI) 


• 
Upward 
Source 
and Object Code Compatibility 
with 
the MC6800 


• 
16-Bit Three-Function 
Programmable 
Timer 


• 
Single-Chip 
or Expanded 
Operation 
to 64K Byte Address 
Space 


• 
Bus Compatibility 
with 
the M6800 Family 


• 
2048 Bytes of UV Erasable, 
User Programmable 
ROM (EPROM) 


• 
128 Bytes of RAM (64 Bytes Retainable 
on Powerdown) 


• 
29 Parallel 
1/0 and Two Handshake 
Control 
Lines 


• 
Internal 
Clock Generator 
with 
Divide-by-Four 
Output 


• 
-40 
to 85'C Temperature 
Range 
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Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input 
Voltage 
Vin 
-0.3 
to + 7.0 
V 


Operating 
Temperature 
Range 
TL to TH 
MC68701 
TA 
o to 70 
°c 


MC68701C 
-40 
to 85 


Storage 
Temperature 
Range 
Tstg 
o to 85 
°c 


This device contains circuitry to protect the in- 
puts against damage 
due to high static voltages 
or electric fields; however. 
it is advised that nor- 
mal precautions 
be taken to avoid application 
of 
any voltage higher than maximum 
rated voltages 


to this high-impedance 
CIrCUIt. 
For proper opera- 
tion it is recommended 
that Vin and Vout be con- 


strained to the range VSS S (Vin or Vout) :sVCc. 
Reliability of operation 
is enhanced 
if unused in- 
puts are tied to an appropriate 
logic voltage level 


le.g., 
either 
VSS or VCCI. 


Characteristic 
Symbol 
Value 
Rating 


Thermal 
Resistance 
6JA 
°CIW 


Ceramic 
Package 
50 


Cerdip 
Package 
50 


The average 
chip-junction 
temperature, 
Tj, 
in °c can be obtained 
from: 


Tj=TA+(PO 
" SjA) 


= Ambient 
Temperature, 
°c 


= Package Thermal 
Resistance, 


junction-to-Ambient,OCIW 


= PINT+PPORT 
= ICC x VCC' Watts - 
Chip Internal 
Power 


= Port Power 
Oissipation, 


Watts - 
User Oetermined 


For most applications 
PPORT<PINT 
and can be neglected. 
PPORT may become 
significant 
if the device 
is configured 
to drive 
Oarlington 
bases or sink LEO loads. 


An approximate 
relationship 
between 
Po and Tj 
(if PPORT is neglected) 
is: 


PO= K + (Tj + 273°C) 
Solving 
equations 
(1) and (2) for K gives: 


K = PO" (TA + 273°C) +8jA"P02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K can be determined 
from 
equation 
(3) by measuring 
Po (at 
equilibrium) 
for a known 
TA' Using 
this value of K, the values 
of Po and Tj can be obtained 
by solving 
equations 
(1) 
and (2) iteratively 
for any value 
of TA 
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MC68701 
MC68701-1 
MC68B701 


Characteristic 
Symbol 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


Frequency of Operation 
10 
0.5 
1.0 
0.5 
1.25 
0.5 
2.0 
MHz 


Crystal Frequency 
IXTAL 
2.0 
4.0 
2.0 
5.0 
2.0 
8.0 
MHz 


External Oscillator 
Frequency 
4fo 
2.0 
4.0 
2.0 
5.0 
2.0 
8.0 
MHz 


Crystal Oscillator Start Up Time 
trc 
- 
100 
- 
100 
- 
100 
ms 


Processor Control Setup Time 
tpcs 
200 
- 
170 
- 
110 
- 
ns 


MC68701 
MC68701C 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 
Input High Voltage 
~ 
VSS +4.0 
- 
VCC 
VSS + 4.0 
- 
VCC 


Other Inputs· 
VIH 
VSS + 2.0 
- 
VCC 
VSS + 2.2 
- 
VCC 
V 


Input Low Voltage 
~ 
VSS - 03 
- 
VSS+O.4 
VSS-03 
- 
VSS + 0.4 
Other Inputs· 
VIL 
VSS - 03 
- 
VSS +0.8 
VSS -0.3 
- 
VSS+0.8 
V 


Input Current, 
See Note 
Port4 
- 
- 
06 
- 
- 
1.0 
1Vin= 0 to 2.4 VI 
SCl 
lin 
- 
- 
1.0 
- 
- 
1.6 
mA 


Input Current 


IVin=Ot05.25VI 
NMI, iim1 
lin 
- 
1.5 
2.5 
- 
1.5 
5 
~A 


Input Current 


IVin=O toO.4 VI 
R"ESET 
IV PP 
lin 
- 
-2.0 
- 
- 
-2.0 
- 
mA 


IVin~4.0 
V to VCCI 
- 
- 
8.0 
- 
- 
8.0 


Hi-Z 10ff Statel Input Current 
1Vin=0.5 t02.4 VI 
Ports 1, 2, and 3 
ITSI 
- 
2 
10 
- 
2 
20 
~A 
Output High Voltage 
(ILoad= -65~A, 
Vcc=Minl 
Port 4, SC1, SC2 
VOH 
VSS+2.4 
- 
- 
VSS+2.4 
- 
- 
V 


(ILoad= -100~A, 
VCC= Mini 
Other Outputs 
VSS+2.4 
- 
- 
VSS+2.4 
- 
- 


Output Low Voltage 
ILoad~2.0mA, 
VCC~ Mini 
All Outputs 
VOL 
- 
- 
VSS +0.5 
- 
- 
VSS+0.6 
V 


Darlington 
Drive Current 


1VO= 15VI 
Port 1 
IOH 
1.0 
2.5 
10.0 
10 
2.5 
10.0 
mA 


Internal 
Power 
Dissipation 
IMeasured at TA = TL in Steady-State OperationI 
PINT 
- 
- 
1500 
- 
- 
1500 
mW 


Input Capacitance 
Port 3,1 


1Vin=0, TA = 25°C, fo~ 1 MHzl 
Port 4, SCl 
(in 
- 
- 
125 
- 
- 
125 
pF 
Other Inputsl 
- 
- 
10.0 
- 
- 
10.0 


VCC Standby 
Powerdown 
VSBB 
4.0 
- 
525 
4.0 
- 
5.25 
Powerup 
VSB 
4.75 
- 
5.25 
4.75 
- 
5.25 
V 
Standby Current 
Powerdown 
ISBB 
6.0 
8.0 
mA 
Programming Time Per Byte ITA ~ 25°CI 
tpp 
25 
- 
50 
25 
- 
50 
ms 


Programming Voltage ITA = 25°CI 
Vpp 
20.0 
21.0 
22.0 
20.0 
21.0 
22.0 
V 


Programming 
Current 
IVRESET= Vpp, TA = 25°CI 
Ipp 
- 
30 
50 
- 
30 
50 
mA 


* Except mode programmIng 
levels; see Figure 15. 


NOTE: RESETIVpp lin differs from MC6801and MC6803values. 


Characteristic 
MC68701 
MC68701·1 
MC68B701 
Symbol 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


Peripheral Data Setup Time 
tpDSU 
200 
- 
200 
- 
100 
- 
ns 


Peripheral Data Hold Time 
tpDH 
200 
- 
200 
- 
100 
- 
ns 


Delay Time, Enable Positive Transition to OS3 Negative Transition 
tOSD1 
- 
350 
- 
350 
- 
250 
ns 


Delay Time, Enable Positive Transition 
to OS3 Positive Transition 
tOSD2 
- 
350 
- 
350 
- 
250 
ns 


Delay Time, Enable Negative Transition 
to Peripheral Data Valid 
tpWD 
- 
350 - 
350 
- 
250 
ns 


Delay Time. Enable Negative Transition 
to Peripheral CMOS Data Valid 
tCMOS 
- 
2.0 
- 
2.0 
- 
2.0 
fl.s 


Input Strobe Pulse Width 
tpWIS 
200 
- 
200 
- 
100 
- 
ns 
Input Data Hold Time 
tlH 
50 
- 
50 
- 
30 
- 
ns 


Input Data Setup Time 
tiS 
20 
- 
20 
- 
20 
- 
ns 
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P1D-P17 
P2D-P24 
P4D-P47 
InpulS 


rMPuwrile 


~ 
/ 


ICMOS1 


___ 
tPW_D~l/.I- 
---O.7VCC 


All Data 
Data Valid 
PorI Outputs -------- 


NOTES: 


1. 10 k Pullup resistor required for Port 2 to reach 0.7 VCC 
2. Not applicable to P21 
3. Port 4 cannot be pulled above VCC 


Vcc 


1rl 


RL~1.8kO 


Tesl Pomt 
MMD6150 


or EqUIV 


C T i R 
MMD7000 


..!:::-J 
or EqUiv 


~ 
":'" 


C=OO pF for P30-P37, P4D-P47, E, SC1, SC2 
= 30 pF for PlO-P17, P20-P24 
R= 37 kO for P40-P47, SC1, SC2, 


= 24 kO for P1D-P17, P20-P24, P3O-P37, E 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-177 


• 


Ident 
MC68701 
MC68701-1 
MC688701 
Unit 
Number 
Characteristic 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 


1 
Cycle Time 
tcvc 
1.0 
2.0 
0.8 
2.0 
0.5 
2.0 
JJ.s 


2 
Pulse Width, E Low 
PWEL 
430 
1000 
360 
1000 
210 
1000 
ns 


3 
Pulse Width, E High 
PWEH 
450 
1000 
360 
1000 
220 
1000 
ns 


4 
Clock Rise and Fall Time 
tr,tf 
- 
25 
- 
25 
- 
20 
ns 


9 
Address Hold Time 
tAH 
20 
- 
20 
- 
10 
- 
ns 


12 
Non-Muxed 
Address Valid Time to E* 
tAV 
200 
- 
150 
- 
70 
- 
ns 


17 
Read Data Setup Time 
tDSR 
80 
- 
70 
- 
40 
- 
ns 


18 
Read Data Hold Time 
tDHR 
10 
- 
10 
- 
10 
- 
ns 


19 
Write Data Delay Time 
tDDW 
- 
225 
- 
200 
- 
120 
ns 


21 
Write Data Hold Time 
tDHW 
20 
- 
20 
- 
10 
- 
ns 


22 
Multiplexed 
Address Valid Time to E Rise* 
tAVM 
200 
- 
150 
- 
80 
- 
ns 


24 
Multiplexed 
Address Valid Time to AS Fall* 
tASL 
60 
- 
50 
- 
20 
- 
ns 


25 
Multiplexed 
Address Hold Time 
tAHL 
20 
- 
20 
- 
10 
- 
ns 


26 
Delay Time, E to AS Rise* 
tASD 
90** 
- 
70** 
- 
45** 
- 
ns 


27 
Pulse Width, AS High* 
PWASH 
220 
- 
170 
- 
110 
- 
ns 


28 
Delay Time, AS to E Rise* 
tASED 
90 
- 
70 
- 
45 
- 
ns 


29 
Usable Access Time* 
tACC 
595 
- 
465 
- 
270 
- 
ns 


*At specified cycle time. 
**tASD 
parameters 
listed assume external TIL clock drive with 50% :t 5% duty cycle. Devices driven by an external TIL clock with 
50% :t 1% duty cycle or which use a crystal have the following 
tASD specification: 
100 nanoseconds 
minimum 
(1.0 MHz devices), 
80 nanoseconds 
minimum 
11.25MHz devices), 50 nanoseconds minimum 
(2.0 MHz devices). 


FIGURE7 - 
BUS TIMING 


105, 


R/IN, Address 
INon-Muxedl 


NOTES: 


,. 
Voltage 
levels shown are VLsO.5 
V, VH~2.4 
V. unless otherwise 
specified. 


2. Measurement 
points shown are 0.8 V and 2.0 V. unless otherwi::;e specified. 


3. Usable access time is computed by 12+3-17+4. 
4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
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The MC68701 is an 8-bit monolithic 
microcomputer 
which 
can be configured 
to function 
in a wide variety of applica- 


tions. The facility which 
provides this extraordinary 
flexibility 
is its ability to be hardware 
programmed 
into eight different 
operating 
modes. 
The operating 
mode 
controls 
the 
con- 
figuration 
of 
18 of 
the 
40 
MCU 
pins, 
available 
on-chip 
resources, 
memory map, location 
(internal or externall 
of in- 
terrupt 
vectors, 
and type of external bus. The configuration 
of the remaining 
22 pins is not dependent 
on the operating 
mode. 
Twenty-nine 
pins are organized 
as three 8-bit 
ports and 
one 5-bit port. 
Each port consists of at least a Data Register 
and a write-only 
Data Direction 
Register. The Data Direction 
Register is used to define whether 
corresponding 
bits in the 
Data Register are configured 
as an input 
(clear) or output 
(setl. 


The term "port," 
by itself, 
refers to all of the hardware 
associated 
with 
the port. 
When the port is used as a "data 
port" 
or "1/0 
port," 
it is controlled 
by the port Data Direc- 
tion 
Register and the programmer 
has direct access to the 
port pins using the port Data Register. Port pins are labled as 
Pij where i identifies 
one of four ports and j indicates the par- 
ticular 
bit. 


The Microprocessor 
Unit (MPUI 
is an enhanced 
MC6800 
MPU with additional 
capabilities 
and greater throughput. 
It is 
upward 
source 
and 
object 
code 
compatible 
with 
the 


MC6800. 
The programming 
model 
is depicted 
in Figure 8 
where Accumulator 
D is a concatenation 
of Accumulators 
A 
and B. A list of new operations 
added to the M6800 instruc- 
tion set are shown 
in Table 1. 


The 
basic 
difference 
between 
the 
MC6801 
and 
the 
MC68701 is that the MC6801 has an onboard 
ROM while the 
MC68701 has an onboard 
EPROM. The MC68701 is pin and 
code 
compatible 
with 
the 
MC6801 
and 
can 
be used to 
emulate 
the MC6801, allowing 
easy software 
development 
using the onboard 
EPROM. 
Software 
developed 
using the 
MC68701 can then be masked into the MC6801 ROM. 
In order to support the onboard EPROM, the MC68701 dif- 


fers from the MC6801 as follows: 


(1) Mode 0 in the MC6801 is a test mode only, while in the 
MC68701 Mode 0 is also used to program the onboard 
EPROM 
and has interrupt 
vectors 
at $BFFO-$BFFF 
rather than $FFFQ-$FFFF. 
121 The MC68701 RAM/EPROM 
Control Register has two 
bits used to control the EPROM in Mode 0 that are not 
defined 
in the M C6801 RAM Control 
Register. 


(3) The RESETIVpp 
pin in the MC68701 is dual purpose, 
used to supply EPROM power as well as to reset the 
device; while 
in the MC6801 the pin is called RESET 
and is used only to reset the device. 


[i 
A 
aU 7 
B 
~ 
8-Bit Accumulators 
A and B 
ft!.- -- 
-- 
--- 
- 
D -- 
-- 
-- 
_. - 
-~ 
Or 16-Bit 
Double 
Accumulator 
D 


01 Index Register {JO 


Carry/Borrow 
from MSB 


Overflow 


Zero 


Negative 


Interrupt 


Half Carry (From Bit 3J 


II 
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II 


Instruction 
Description 


ABX 
Unsigned 
addition 
of Accumulator 
B to Index Register 


AODD 
Adds (without 
carry) the double 
accumulator 
to memory 
and leaves 
the sum 
in the double 
accumulator 


ASLD or LSLD Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit 


BHS 
Branch 
if Higher 
or Same; 
unsigned 
conditional 
branch 
(same 
as Bee) 


BLO 
Branch 
If Lower; 
Unsigned 
conditional 
branch 
(same 
as 8C5) 


BAN 
Branch 
Never 


JSR 
Additional 
addressing 
mode: direct 


LDD 
Loads double 
accumulator 
from 
mf'mory 


LSL 
Shifts 
memory 
or accumulator 
left (towards 
MSB) one bit; the LSB is cleared 
and the MSB 
is shifted 
into the C·bit (same as 


ASL) 


LSRD 


MUL 


PSHX 


PULX 


STD 


SUBD 
CPX 


Shifts 
the double 
accumulator 
right (towards 
LSBI one bit; the MSB 
is cleared 
and the LSB is shifted 
into the C-bit 


Unsigned 
multiply; 
multiplies 
the two accumulators 
and leaves 
the product 
in the double 
accumulator 


Pushes 
the 
Index Register 
to stack 


Pulls the Index Register 
from 
stack 


Stores 
the double 
accumulator 
to memory 


Subtracts 
memory 
from the double 
accumulator 
and leaves 
the dif~erence in the double 
accumulator 


Internal 
processing 
modified 
to permit 
its use with 
any conditional 
branch 
instruction 


The MCU provides eight different 
operating 
modes which 
are selectable by hardware 
programming 
and referred to as 
Mode ° through 
Mode 7. The operating 
mode controls 
the 
memory map, configuration 
of Port 3, Port 4, SC1, SC2, and 


the physical location 
of interrupt 
vectors. 


FUNDAMENTAL 
MODES 


The eight 
MCU 
modes can be grouped 
into three 
fun- 


damental 
modes which 
refer to the type of bus it supports: 
Single 
Chip, 
Expanded 
Non-Multiplexed, 
and 
Expanded 


Multiplexed. 
Modes 4 and 7 are single chip modes. Mode 5 is 
the 
expanded 
non-multiplexed 
mode, 
and 
the 
remaining 
modes 
are expanded 
multiplexed 
modes. 
Table 
2 sum- 


marizes the characteristics 
of the operating 
modes. 


Single-Chip 
Modes (4, 7) 


In the Single-Chip 
Mode, 
the four 
MCU 
ports 
are con- 
figured 
as parallel 
input/ output 
data 
ports, 
as shown 
in 
Figure 9. The MCU 
functions 
as a monolithic 
microcom- 


puter in these two 
modes without 
external address or data 
buses. A maximum 
of 29 I/O lines and two 
Port 3 control 
lines are provided. 
Peripherals or another 
MCU can be inter- 


faced to Port 3 in a loosely coupled dual processor configura- 
tion, as shown 
in Figure 10. 
In 
Single-Chip 
Test 
Mode 
14), the 
RAM 
responds 
to 
SXX80 through 
SXXFF and the EPROM is removed from the 


internal address map. A test program must first be loaded in- 
to the RAM using modes 0, 1, 2, or 6. If the MCU is reset 
and then programmed 
into Mode 4, execution 
will begin at 


SXXFE:XXFF. 
Mode 5 can be irreversibly entered from Mode 
4 without 
asserting REm by setting bit 5 of the Port 2 Data 


Register. This mode is used primarily to lest Ports 3 and 4 in 
the Single-Chip 
and Non-Multiplexed 
Modes. 


Common 
to all Modes: 


Reserved Register Area 
Port 1 
Port 2 
Programmable 
Timer 
Serial Communications 
Interface 


Single Chip Mode 7 


128 bytes of RAM; 
2048 bytes of EPROM 


Port 3 is a parallel I/O port with 
two control 
lines 


Port 4 is a parallel I/O port 
SCl 
is Input Strobe 3 IIS3) 


SC2 is Output 
Strobe 3 IOS3) 


Expanded Non-Multiplexed 
Mode 5 
128 bytes of RAM; 
2048 bytes of EPROM 


256 bytes of external 
memory 
space 


Port 3 is an 8-bit data bus 
Port 4 is an input port/ address bus 
SCl 
is Input/Output 
Select (lOS) 
SC2 is Read/Write 
(R/W) 


Expanded Multiplexed 
Modes 1, 2, 3, 6 


Four memory space options 
(64K address space): 


(1) No internal 
RAM or EPROM (Mode 3) 
(21 Internal 
RAM, 
no EPROM (Mode 2) 
(3) Internal RAM and EPROM (Mode 
1) 
14) Internal 
RAM, 
EPROM 
with 
partial 
address 
bus 


IMode 6) 
Port 3 is a multiplexed 
address/ data bus 


Port 4 is an address bus (inputs/ address in Mode 6) 
SCl 
is Address 
Strobe 
IAS) 


SC2 is Read/Write 
(R/W) 


Test Mode 4 


(1) May be changed 
to Mode 
5 without 
going 
through 
Reset 


(21 May be used to test Ports 3 and 4 as I/O ports 


Expanded 
Multiplexed 
Mode 0 


11) Internal RAM and EPROM 
12) External interrupt 
vectors 
located at SBFFD-SBFFF 


(3) Used to program 
EPROM 
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MC68701/ 
MC6001 


Port 
1 
Port 
3 
a I/O 
Lines 
a I/O 
Lines 
iS3 
em 


Port 4 
Port 
2 
a I/O 
Lines 
5 I/O 
Lines 


:' 
Seroall/O 


VSS 
16·Btt 
Timer 


Port 
2 
5 I/O 
Lines 
Serial 
I/O 
, 6-81t Timer 


VCC 
VCC 


XTAL 
E 
XTAL 
- 
- 


NMi - 
EXTAL 
IRQl 
EXTAL 


MC68701/ 
MC68701/ 
MC6001 
MC6001 
Port 
1 
Port 3, 
Port 
1 
a \/0 
a \/0 
LInes 
Lines 
053 


Port 
2 
Port 4 
5 I/O 
Lines 
a \/0 
SCI 
Lines 
16·811 Timer 
Port 
2 
"=' 
'= 


VSS 
5 I/O 
Lines 
VSS 
Lines 
sel 
16-811 Timer 


Port 
3 


8 Data 
Lines 


R/Vii 


105 


Port 4 


To a 
Address 
Lines 


I 
-=- XTAl 
Port 3 
8 


~ 


Port 4 
8 


EXTAL 
RJS 


ndby_ 
R/W 


E 
ET_ 
MC68701/ 


E 
NM'I_ 
MC6801 
IRQI_ 


L 
-'0. 


... 
... 


L 
---. 


..• 
•.. 
~ 
VSS 
RAM 
ACIA 
PIA 


100·07) 
IAO·A7) 
105 
R/Vii 


E 


Vcc St. 


llE'SET 


Port 2 
5 I/O 
SCI 
Timer 


II 


• 


Expanded Non-Multiplexed 
Mode (5) 


A modest amount of external memory spce is provided in 
the Expanded Non-Multiplexed 
Mode while significat on-chip 
resources are retained. Port 3 functions as an 8-bit bidirectional 
data bus and Port 4 is configured initially as an input data port. 
Any combination 
of the eight least-significant address lines 


may be obtained by writing to the Port 4 Data Direction Reg- 
ister. Stated alternatively, any combination of AD to A7 may 
be provided while retaining the remainder as input data lines. 
Internal pullup resistors are intended to pull the Port 4 lines 
high until the port is configured. 


Figure 11 illustrates a typical system configuration 
in the 
Expanded Non-Multiplexed Mode. The MCU interfaces directy 
with M6800 Family parts and can access 256 bytes of external 
address space at $100 through $1FF.10S provides an address 
decode of external memory ($100-$1FF)and can be used as a 
memory page select or chip select line. 


Expanded-Multiplexed 
Modes 10, 1, 2, 3, 6) 


In the Expanded-Multiplexed Modes, the MCU has the ability 
to access a 64K bytes memory space. Port 3 functions as a 
time multiplexed addressldata bus with address valid on the 
negative edge of Address Strobe (AS). and data valid while E 
is high. In Modes 0 to 3, Port 4 provides address lines A8 to 
A15.ln Mode 6, however, Port 4 is initially configured at RESET 
as an input data port. The Port 4 Data Direction Register can 
then be changed to provide any combination of address lines, 
A8 to A15. Stated alternatively, any subset of A8 to A15 can 
be provided while retaining the remaining Port 4 lines as input 
data lines. Internal pullup resistors pull the Port 4 lines high 
until software configures the port. 


Figure 12 depicts a typical configuration for the Expanded- 


Multiplexed Modes. Address Strobe can be used to control a 
transparent 
D-type latch to capture addresses AD to A7, as 
shown in Figure 13. This allows Port 3 to function as a Data 
Bus when E is high. 


In Mode 0, the internal and external data buses are con- 
nected; there must therefore be no memory map overlap in 
order to avoid potential bus conflicts. Mode 0 is used to pro- 
gram the onboard EPROM. All interrupt vectors are external 
in this mode and are located at $BFFO-$BFFF. 


PROGRAMMING THE MODE 


The operating mode is determined at RESETby the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2,PC1,and PCOof the program control register on the po- 
sitive edge of RESET.The operating mode may be read from 
the Port 2 Data Register as shown below, and programming 
levels and timing must be met as shown in Figure 14. A brief 
outline of the operating modes is shown in Table 3. 


PORT2 DATA REGISTER 


5 
4 
3 
2 
1 


Circuitry to provide the programming 
levels is dependent 
primarily 
on the normal system usage of the three pins. If 
configured as outputs, the circuits shown in Figure 15 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. Note that if diodes are 
used to program the mode, the diode forward voltage drop 
must not exceed the VMPDD minimum. 


MEMORY MAPS 


The MCU can provide up to 64K byte address space de- 
pending on the operating mode. A memory map for each op- 
erating mode is shown in Figure 16. The first 32 locations of 
each map are reserved for the MCU internal registers as shown 
in Table 4, with exceptions as indicated. 


Mode 
P22 
P21 
P20 
EPROM 
Interrupt 
Bus 
Operating 
PC2 
PCl 
pca 
RAM 
Vectors 
Mode 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Smgle ChIp 


6 
H 
H 
L 
I 
I 
I 
MUX15.61 
Multlplexed/Parttal 
Decode 


5 
H 
L 
H 
I 
I 
I 
NMUXI5.61 
Non-Multiplexed/Partial 
Decode 


4 
H 
L 
L 
1'21 
I'll 
I 
I 
Single 
Crilp 
Test 


3 
L 
H 
H 
E 
E 
E 
MUXI41 
MultiplexedlNo RAM or EPROM 


2 
L 
H 
L 
E 
I 
E 
MUXI41 
Multiplexed/RAM 
, 
L 
L 
H 
I 
I 
E 
MUXI41 
Multiplexed/RAM and EPROM 


0 
L 
L 
L 
I 
I 
pi 
MUxI41 
MultiplexedlProgramming 


Legend: 


I - 
Internal 
E - 
External 
MUX - 
Multiplexed 
NMUX 
- 
Non-Multiplexed 
L - 
Log'c "0" 


H - 
Log'c "'" 


Notes 


(') Internal RAM ,s addressed at $XX80 
121Internal EPROMis disabled 
13i Interrupt vectors locatedat sBFFQ-sBFFF 
(4) Addresses 
associated 
with 
Ports 3 and 4 are considered 
external 
in Modes O. 
,. 2. and 3 
(5) Addresses 
assoCIated with 
Port 3 are considered 
external 
in Modes 5 and 6 
(6) Port 4 default 
is user data input; address output 
is optional 
by writing 
to Port 4 
Data Dlfection 
Register 
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POrI 3 
8 Lines 


Multiplexed 
Data/Address 


R/W 


Port 2 
5 I/O 
Lines 


Serial 
I/O 


16-81t 
TImer 


Port 4 
8 lines 


Address 
Bus 


Vcc 
Standby 


RESET 
NMI 
iIl"01 


Pori 2 
5 I/O 


SCI 


Timer 


Address 
Bus 
(AO-A'51 
RM 


PorI 3 
J 


Address/Data 1 


I 
I 


G 
DC 


D, 
0, 


SN74LS373 
ITypical) 


08 
08 


) •••,." "A, 


) 0.,. '"" 


• 
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VMPH Min 


VMPL Max 


See Figure 16 


for Diode Arrangement 


~ 


••;;; 
f;MVp:PDD 
(P20, P21, P221 
••. 
•• 
---~ 
Mode Latch 
R"E'ID 
- 
- 
--.." 
Level 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Mode Programming 
Input Voltage Low for TA ~ 0 to 70·C 
VMPL 
- 
- 
1.8 
V 


Mode Programming 
Input Voltage High 
VMPH 
4.0 
- 
- 
V 


Mode Programming 
Diode Differential 
for TA = 0 to 70·C 
VMPDD 
0.6 
- 
- 
V 


RESET Low Pulse Width 
PWRSTL 
3.0 
- 
- 
E-Cycles 


Mode Programming 
Set-Up Time 
tMPS 
2.0 
- 
- 
E-Cycles 


Mode Programming 
Hold Time 


RESET Rise Time;;, 1 IJ.s 
tMPH 
0 
- 
- 
ns 
RESET Rise Time< 1 IJ.s 
100 
- 
- 


Note: 
For TA = -40 
to 85·C, Maximum 
VMPL = 1.7, and Minimum 
VMPDD=OA. 


FIGURE15 - 
TYPICAL MODE PROGRAMMING CIRCUIT 


VCC 


P20 IPCOl 


P21 (PC1I 


vppo---<>------A 


"Program" 


1. Mode 0 as shown (switches closed). 
2. R1= 10k ohms (typicall. 
3. The RESET time constant is equal to RC where R is the equivalent 
parallel resistance of R2 and the number of resistors (R1) 
placed in the circuit by closed mode control switches. 
4. D=1N914, 
lN4001 in the 0 to 70·C range 
0= 1N270, MBD201 in the - 40 to 85·C range 


5. If V = VCC, the R2= 50 ohms (typical) to meet VIH for the RESETNpp pin. V= VCC is also compatible 
with MC6801. The RESET 
time constant in this case is approximately R2*C. 
6. Switch S1 allows selection of normal (RESET) or programming 
(Vpp) as the input to the RESETNpp pin. During switching, 
the input level is held at a value determined 
by a diode (0). resistor (R2) and input voltage (V). 
7. While S1 is in the "Program" 
position, RESET should not be asserted. 


8. From powerup, 
RESET must be held low for at least tRC. The capacitor, C, is shown for conceptual 
purposes only and is on 
the order of 1000 IJ.Ffor the circuit shown. Typically, a buffer with an RC input will be used to drive RESET, eliminating 
the 
need for the larger capacitor. 


9. Diode Vf should not exceed VMPDD min. 
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MC68701 0 


MC68701 1 


MC68701 2 
Mode 
Mode 
Mode 


Multiplexed 
Test mode 
Multiplexed/RAM 
& EPROM 
Multiplexed/RAM 


$0000111 
s00oo'" 
$OOOOUI 


Internal 
Registers 
Internal 
Registers 
Internal 
Registers 


S001F 
SOOlF 
SOOlF 


3: 
External 
Memory 
Space 
External 
Memory 
Space 
External 
Memory 
Space 


0 
S0080 
S0080 
S0080 
-l0 
Internal 
RAM 
Internal 
RAM 
:a 
Internal 
RAM 
SOOFF 
0 
S00FF 
S00FF 


~ 
3: 
External Memory 
Space 
n 
External 
Memory 
Space 
~ 


~ 
:a 
C') 


0 
$8FFO 
External 
Memory 
Space 
en 
CO 
~ 
External Interrupt Vectors 
CO 
Ul 
:a 
$8FFF 
" 
0 
SF800 
0 


(") 
External Memory 
Space 
...•. 
m 
SF800 
Internal 
EPROM 
(Jl 
(Jl 
SFFEF 
0 
Internal 
EPROM 
SFFFO 
:a 
SFFFO 
External 
Interrupt 
Vectors 
External 
Interrupt 
Vectors 


C 
SFFFFl21 
SFFFF 
SFFFF 
~-l~ 


Notes: 
1) 
Excludes 
the following 
addresses 
which 
may 
be used externally: 
S04. $05. S06. S07and 
SOF. 


2) 
There must be no overlapping 
of internal and 


external 
memory 
spaces 
to avoid driving 
the 


data bus with more than one device. 


31 This mode 
is used to program 
the onboard 


EPROM. 


Notes 
1) 
Excludes 
the following 
addresses 
which may 


be used 
externally 
S04. 
S05. 
S06. 
S07 
and 


SOF 


2) 
Internal 
EPROM addresses 
$FFFO to $FFFF are 


not usable 


Notes. 
1} Excludes 
the following 
addresses 
which 
may 
be used 
externally: 
S04. 
S05. 
S06. 
S07. 
and 


SOF. 


• 


3 


s:oa:0o 
>s:n 
If 
:0 
..• 
0 
co 
"'tl 
en 
:0o 
(")meneno:0 
C 


~ 
Notes: 


11 
Excludes 
the following 
addresses 
which 
may 
be 


used externally: 
$04, $05, $06, $07 and $OF. 


• 


4 


$XX80 


$XXFF 


Notes: 


11 The internal 
EPROM 
is disabled. 


21 Mode 4 may be changed 
to Mode 5 without 
hav- 


In9 
to assert 
RESET 
by WritIng 
a "'" 
Into 
the 


PCO bit of Port 2 Data Register. 


31 Addresses 
A8 
to 
A 15 are 
treated 
as 
"don't 
cares" to decode Internal RAM. 


41 Internal 
RAM 
will appear 
at $XX80 to $XXFF. 


5) 
MCU 
read of the Port 3 Data Direction 
Register 


will access the Port 3 Data Register. 


5 


Non-Multlplexedl 
Partial 
Decode 


$ססoo111 


$OOIF~lnternal 
Registers 
;;.:::~~, 
::,"'- 


$ 


OIFFT 


Unusable 


Notes: 


, 1 Excludes the following 
addresses which 
may NOT 


be used externally: 
$04, $06, and $OF INo 1051. 


2) 
This 
mode 
may 
be 
entered 
Without 
going 


through 
RESET 
by 
using 
Mode 
4 and 
subse- 
Quently 
Writing 
a "1" 
into the PCO bit of Port 2 
Data Register. 


31 Address 
lines AO to A 7 will not contain 
addresses 
until the Data Direction 
Register for Port 4 has 
been wntten 
with" 
1's" in the appropriate 
bits. 


These 
address 
lines will assert 
''1's'' 
until 
made 
outputs by writing 
the Data Direction 
Register. 


6 


$oolF 


$0080 


Notes: 
1) Excludes the following 
addresses which 
may be 


used externallv: 
$04, 
$06, 
$OF. 


2) Address 
lines A8·A 15 will 
not contain 
addresses 
until the Data Direction 
Registerfor 
Port 4 has been written with ""s" 
in the 


appropriate 
bits. These address 
lines will 
assert 
'" 's" until 
made outputs 
by writing 
the 
Data Direction 
Register. 


7 


Single 
Chip 


$OOOO~ 
Internal 
Registers(1} 


$oolF 


$0080 
~unusable 


Internal 
RAM 


$ooFF 


Unusable 


Note: 


1) 
MCU read of the Port 3 Data Direction 
Register 
will access the Port 3 Data Register. 


Register 
Address 


Port 1 Data Direction 
Register· 
* * 
00 
Port 2 Data Direction 
Register· 
* • 
01 
Port 1 Data Register 
02 
Port 2 Data Register 
03 


Port 3 Data Direction 
Register·· 
* 
04' 


Port 4 Data Direction 
Register· *. 
05" 
Port 3 Data Register 
06' 
Port 4 Data Register 
07* • 


TImer Control and Status RegIster 
08 


Counter (High Byte) 
09 
Counter (Low Byte) 
OA 
Output Comparf> Register (HIgh Byte) 
06 


Register 
Address 


Output Compare RegIster (Low Bytel 
OC 


Input Cap:ure Register (High Byte) 
00 
Input CaptUle RegIster (Low Byte) 
OE 
Port 3 Control and Status Register 
OF' 


Rate and Mode Control Register 
10 
Transmit/Receive 
Control and Status Register 
11 
Receive Data Register 
12 


Transmit Data RegIster 
13 


RAM/EPROM 
Control 
Register 
14 
Reserved 
15-1 F 


• External 
addresses 
in Modes 0, 1, 2, 3, 5, 6; cannot 
be accessed 
in Mode 5 (No ~I 


•• 
External 
addresses 
in Modes 
0, 1, 2, 3 


····1 
= output, 0= Input 


• 
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The 
MCU 
supports 
two 
types 
of 
interrupt 
requests: 


maskable 
and 
non-maskable. 
A 
Non-Maskable 
Interrupt 


INMIl 
is always recognized and acted upon at the comple- 


tion of the current instruction. 
Maskable interrupts are con- 


trolled 
by the Condition 
Code Register's I-bit and by in- 


dividual enable bits. The I-bit controls 
all maskable inter- 


rupts. Of the maskable interrupts, there are two types: IRQl 
and iR02. The Programmable Timer and Serial Communica- 
tions Interface use an internal IRQ2 interrupt 
line. External 
devices land IS31 use IRQ1. An IRQ1 interrupt 
is serviced 
before IRQ2 if both are pending. 


All IRQ2 interrupts 
use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are-serviced in 
a prioritized order and each is vectored to a separate loca- 
tion. All MCU interrupt vector locations are shown in Table 
5. 


Mode 0 
Modes 
1-7 


MSB 
lSB 
MSB 
lSB 
Interrupt 


BFFE 
BFFF 
FFFE 
FFFF 
RESET 


BFFC 
BHD 
FFFC 
FFFD 
NMI 


BFFA 
BFFB 
FFFA 
FFFB 
Software 
Interrupt 
(5WI) 


BFF8 
BFF9 
FFF8 
FFF9 
IRQI lor 153) 


BFF6 
BFF7 
FFf6 
FFF7 
ICF IInpul 
Caplure)" 


BFF4 
8FF5 
FFF4 
FFF5 
OCF 10uipui 
Compare)" 


BFF2 
8FF3 
FFF2 
FFF3 
TOF ITimer 
Overflow)" 


BFFO 
BFF1 
FFFO 
FFFI 
SCIIRDRF+ORFE+ 
TDRE)" 
* IRQ2 Interrupt 


The Interrupt 
flowchart 
is depicted 
in Figure 17 and is 
common to every MCU interrupt excluding reset. During in- 
terrupt servicing the Program Counter, Index Register, A Ac- 
cumulator, 
B Accumulator, 
and Condition Code Register are 


pushed to the stack. The I-bit is set to inhibit maskable inter- 
rupts and a vector is fetched corresponding 
to the current 
highest priority 
interrupt. 
The vector 
is transferred to the 


Program Counter and instruction 
execution is resumed. In- 


terrupt and RESET timing are illustrated in Figures 18and 19. 


VCC AND VSS 


VCC and VSS provide power to a large portion 
of the 


MCU. The power supply should provide + 5 volts I ± 5%1 to 
VCC, 
and VSS 
should 
be tied 
to ground. 
Total 
power 
dissipation 
(including 
VCC Standbyl, 
will 
not exceed PD 


milliwatts. 


VCC STANDBY 
VCC Standby 
provides power to the standby portion 
(s80 


through 
sBFI of the RAM and the STBY PWR and RAME 
bits of the RAM Control Register. Voltage requirements de- 
pend on whether the MCU is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+5 volts 1±5%1 and must reach VSB volts before RESET 
reaches 4.0 volts. 
During powerdown, 
VCC Standby must 


remain above VSBB (mini to sustain the standby RAM and 
STBY PWR bit. While in powerdown 
operation, the standby 
current will not exceed ISBB. 


It is typical to power both VCC and VCC Standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying 
power to VCC during 
powerdown 
operation. 
VCC 
Standby 
should 
be tied 
to 
ground in Mode 3. 


XTAL1 AND EXTAL2 


These two input pins interface either a crystal or TTL com- 
patible clock to the MCU internal clock generator. Divide-by- 
four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF 
capacitor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, 
EXTAL2 
may be driven by an external TTL compatible 
clock at 4fo 
with a duty cycle of 50% (± 5% I with XTAL 1 connected to 
ground. 


The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode 
in the 
frequency 
range specified 
for 
fXTAL. 
The 
crystal should be mounted as close as possible to the input 
pins to minimize output 
distortion 
and startup stabilization 


time." 
The MCU is compatible 
with 
most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 


RESETlVpp 


This input is used to reset the MCU internal state and pro- 
vide an orderly startup procedure. During powerup, 
RESET 
must be held below 0.4 volts: 
(11 at least tRC after VCC 
reaches 4.75 volts in order to provide sufficient time for the 
clock 
generator 
to stabilize, 
and 
121 until 
VCC Standby 
reaches VSB volts. 
RESET must be held low at least three 
E-cycles if asserted during powerup operation. 


This pin is also used to supply Vpp in Mode 0 for program- 


ming 
the 
EPROM, and supplies 
operating 
power 
to the 


EPROM during powerup operation. 


E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the MCU input clock frequency. It will drive 
one Schottky TTL load and 90 pF, and all data given in cycles 
is referenced to this clock unless otherwise noted. 


NMI (NON-MASKABLE 
INTERRUPT) 


An NMI 
negative edge requests an MCU interrupt 
se- 


quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from sFFFC and 
sFFFD lor sBFFC and sBFFD in Mode 01, transferred to the 
Program Counter and instruction execution is resumed. NMI 
typically re~s 
a 3.3 kO Inomi~esistor 
to VCC. There is 
no internal NMI pullup resistor. NMI must be held low for at 
least one E-cycle to be recognized under all conditions. 


IRQ1 (MASKABLE 
INTERRUPT REQUEST 1) 


IRQ1 is a level-sensitive input which 
can be used to re- 


quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
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Mode 
0 


BFFC-BFFD 


BFFA-BFFB 


BFFB-BFF9 


BFF6-BFF7 


BFF4-BFF5 


BFF2-BFF3 


BFFO-BFF1 


Vector-PC 


Modes 
1-7 


FFFC-FFFD 
Non-Maskable 
Interru 
t 


FFFA-FFFB 
Software 
Interrupt 


FFFB-FFF9 
Maskable 
Interrupt 
Request 
1 


FFF6-FFF7 
Input 
Capture 
Interrupt 


FFF4-FFF5 
Output 
Compare 
Interrupt 


FFF2-FFF3 
Timer 
Overflow 
Interrupt 


FFFO-FFFl 
SCI Interrupt 


• 


s::oa 
::Ilo 
> 
s:: 
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~ 
~ 
ID 
~ 
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::Iloo 
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CII 
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rupt mask bit (I-bitl 
in the Condition 
Code Register is clear, 
the MCU will begin an interrupt 
sequence. 
A vector is fetch- 
ed from $FFF8 and $FFF9 (or $BFF8 and $BFF9 in Mode 01, 
transferred 
to the Program 
Counter, 
and instruction 
execu- 
tion is resumed. 


iR01 
typically 
requires 
an 
external 
3.3 
kG 
(nominall 
resistor to VCC for wire-OR applications. 
IRQ1 has no inter- 
nal pullup 
resistor. 


SCl 
AND 
SC2 (STROBE CONTROL 
1 AND 2) 


The function 
of SC1 and SC2 depends 
on the operating 
mode. 
SC1 is configured 
as an output 
in all modes except 
single chip 
mode, 
whereas 
SC2 is always an output. 
SC1 
and SC2 can drive one Schottky 
load and 90 pF. 


SCl 
and SC2 In Single Chip Mode 


In Single Chip Mode, 
SC1. and SC2 are configured 
as an 
input and output, 
respectively, 
and both function 
as Port 3 
control 
lines. SC1 functions 
as IS3 and can be used to in- 
dicate that Port 3 input data is ready or output 
data has been 
accepted. 
Three options 
associated 
with 
IS3 are controlled 
by the Port 3 Control and Status Register and are discussed 
in the Port 3 description. 
If unused, 
IS3 can remain uncon- 
nected. 


SC2 is configured 
as OS3 and can be used to strobe out- 
put data or acknowledge 
input data. It is controlled 
by Out- 
put 
Strobe 
Select 
10SSI 
in the Port 3 Control 
and Status 
Register. 
The strobe 
is generated 
by a read lOSS = 01 or 
write 
(OSS = 11 to the Port 3 Data Register. 
OS3 timing 
is 
shown in Figure 5. 


FIGURE 20 - 
MC68701 OSCILLATOR 
CHARACTERISTICS 


III Nominll Recommended 
Crystel Plrlmeters 


3.58 MHz 
4.00 MHz 
5.0 MHz 
6.0 MHz 
8.0 MHz 


RS 
600 
500 
30-500 
3O-WO 
20-400 
Co 
3.5 pF 
6.5 pF 
4.6 pF 
4-6 pF 
4.6 pF 


C1 
0.015 
pF 
0.025 
pF 
0.01-0.02 
pF 
0.01-0.02 
pF 
0.01-0.02 
pF 


Q 
>4Ok 
>30k 
>20 
k 
>20k 
>20k 


!iQJ! 
TlL-compatible 
oscillators 
may be 
obtained 
from: 


Motorola 
Component 
Products 
Alln: 
Data Clock 
Sales 
2553 N. Edginton 
St. 


Franklin 
Park, 
IL 60131 
Tel: 312-451-1000 
Telex: 
433-0067 


I.' 
3 


Ll 
RS 
C, 


3 


Co 


EqUivalent 
C.rCUlt 


---10( 
IRe 


Oscillalor 
Stablllzalion 
Time, 
tRC 


• 
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SC1 And SC2 In Expanded Non-Multiplexed 
Mode 


In the Expanded 
Non-Multiplexed 
Mode, 
both 
SCl 
and 
SC2 are configured 
as outputs. 
SCl functions 
as Input/Out- 
put Select (iCSl and is asserted only when 
$0100 through 
$OlFF is sensed on the internal address bus. 


SC2 is configured 
as Read/Write 
and is used to control 
the direction 
of data bus transfers. 
An MPU read is enabled 
when 
Read/Write 
and E are high. 


SC1 And SC2 In Expanded Multiplexed 
Mode 


In the Expanded 
Multiplexed 
Modes, 
both 
SCl 
and SC2 
are configured 
as outputs. 
SCl functions 
as Address Strobe 
and can be used to demultiplex 
the eight least significant 
ad- 


dresses and the data bus. 
A latch 
controlled 
by Address 
Strobe captures address on the negative edge, as shown in 
Figure 15. 


SC2 is configured 
as Read/Write 
and is used to control 
the direction 
of data bus transfers. 
An MPU read is enabled 
when 
Read/Write 
and E are high. 


P1G-P17 (PORT 1) 


Port 1 is a mode independent 
8-bit I/O port with each line 
an input or output 
as defined 
by the Port 1 Data Direction 


Register. The TTL compatible 
three-state 
output 
buffers can 
drive one 
Schottky 
TTL load and 30 pF, Darlington 
tran- 


sistors, or CMOS devices using external pullup resistors. It is 
configured 
as a data input port by RESET. Unused lines can 
remain unconnected. 


P2G-P24 (PORT 2) 


Port 
2 is a mode-independent, 
5-bit, 
multipurpose 
I/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of REm determine 
the operating 
mode of the 
MCU. The entire port is then configured 
as a data input port. 


The Port 2 lines can be selectively configured 
as data output 


lines by setting the appropriate 
bits in the Port 2 Data Direc- 


tion Register. The Port 2 Data Register is used to move data 
through 
the port. 
However, 
if P21 is configured 
as an out- 
put, it will be tied to the timer Output 
Compare function 
and 
cannot 
be used to 
provide 
output 
from 
the 
Port 
2 Data 
Register. 


Port 2 can also be used to provide 
an interface 
for the 
Serial Communications 
Interface 
and the timer 
Input 
Edge 
function. 
These 
configurations 
are described 
in the 
ap- 


propriate 
SCI and Timer sections of this publication. 


The Port 2 high-impedance, 
TTL compatible 
output 
buf- 
fers are capable of driving one Schottky 
TTL load and 30 pF 
or CMOS devices using external pullup 
resistors. 


Port 3 In Single-Chip 
Mode 


Port 3 is an 8-bit I/O port in the Single-Chip 
Mode, 
with 
each line configured 
by the Port 3 Dala Direction 
Register. 


There are also two lines, IS3 and OS3, which can be used to 
control 
Port 3 data transfers. 


Three Port 3 options 
are controlled 
by the Port 3 Control 


and Status 
Register and are available 
only 
in Single-Chip 
Mode: 
(11 Port 3 input 
data can be latched 
using IS3 as a 
control 
signal, 
(21 OS3 can be generated 
by either an MPU 
read or write to the Port 3 Data Register, and (31an iRQl in- 
terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing 
is shown 
in Figure 4. 


IS3 
IS3 
Latch 
Flag 
IRQl 
X 
OSS 
Enable 
X 
X 
X 


Enable 


P3G-P37 (PORT 3) 


Port 3 can be configured 
as an I/O 
port, 
a bidirectional 
8-bit data bus, or a multiplexed 
address/data 
bus depending 
on the operating 
mode. The TTL compatible 
three-state 
out- 
put 
buffers 
can drive one Schottky 
TTL 
load and 90 pF. 
Unused lines can remain unconnected. 


8it 0-2 


Bit 3 


Not used. 


LATCH 
ENABLE. 
This bit controls 
the 
input latch for Port 3. If set, input data 
is latched by an iS3 negative edge. The 
latch is transparent 
after a read of Port 
3 Data 
Register. 
LATCH 
ENABLE 
is 
cleared during 
reset. 


OSS (Output 
Strobe 
Selectl. 
This bit 
determines 
whether 
OS3 
will 
be 
generated by a read or write of the Port 
3 
Data 
Register. 
When 
clear, 
the 
strobe 
is generated 
by a read; when 
set, it is generated 
by a write. 
OSS is 
cleared during 
reset. 


Not used. 


IS3 IRQ1 ENABLE. When set, an IRQ1 
interrupt 
will be enabled whenever 
IS3 
FLAG is set; when clear, the interrupt 
is inhibited. 
This bit is cleared during 
reset. 


IS3 FLAG. This read-only 
status bit is 
set 
by 
an 
IS3 
negative 
edge. 
It 
is 
cleared by a read of the Port 3 Control 
and 
Status 
Register 
(with 
IS3 FLAG 
set) followed 
by a read or write to the 
Port 3 Data Register or during 
reset. 


Bit 5 


Bit 6 


Port 3 In Expanded Non-Multiplexed 
Mode 


Port 3 is configured 
as a bidirectional 
data bus lD7-DOl in 
the Expanded Non-Multiplexed 
Mode. The direction 
of data 
transfers is controlled 
by Read/Write 
(SC2l. 
Data is clocked 
by E (Enablel. 


Port 3 In Expanded Multiplexed 
Mode 


Port 3 is configured 
as a time multiplexed 
address (AG-A71 
and data bus lD7-DOl 
in the Expanded 
Multiplexed 
Modes 
where Address 
Strobe 
(AS) can be used to demultiplex 
the 
two buses. Port 3 is held in a high impedance 
state between 
valid address and data to prevent potentional 
bus conflicts. 
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P40-P47 (PORT 4) 


Port 4 is configured 
as an B-bit I/O port, as address out- 
puts, or as data inputs depending on the operating 
mode. 


Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


Port 4 In Single Chip Mode 


In Single Chip Mode, Port 4 functions as an B-bit I/O port 
with 
each line configured 
by the 
Port 4 Data Direction 


Register. Internal pullup resistors allow the port to directly in- 
terface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 


Port 4 In Expanded Non-Multiplexed 
Mode 


Port 4 is configured 
during reset as an B-bit input port, 


where the Port 4 Data Direction Register can be written 
to 


provide any or all of eight address lines AO to A7. Internal 
pullup resistors pull the lines high until the Port 4 Data Direc- 
tion Register is configured. 


Port 4 In Expanded Multiplexed 
Mode 


In all Expanded Multiplexed modes except Mode 6, Port 4 
functions as half of the address bus and provides AB to A 15. 
In Mode 6, the port is configured 
during reset as an B-bit 
parallel input port, where the Port 4 Data Direction Register 
can be written to provide any or all of upper address lines AB 
to A 15. Internal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where bit 0 con- 
trols AB. 


RESIDENT MEMORY 


The MC68701 has 12B bytes of onboard RAM and 2048 
bytes of onboard UV erasable EPROM. This memory is con- 
trolled by four bits in the RAM/EPROM 
Control Register. 


One half of the RAM is powered through the VCC standby 


pin and is maintainable during VCC powerdown. 
This stand- 


by portion of the RAM consists of 64 bytes located from $80 
through 
$BF. 


Power must be supplied to VCC standby if the internal 
RAM is to be used, regardless of whether 
standby power 


operation is anticipated. 
In Mode 3, VCC standby should be 


tied to ground. 
The 
RAM 
is controlled 
by the 
RAM/EPROM 
Control 


Register. 


RAM/EPROM 
CONTROL REGISTER ($14) 


The RAM/EPROM 
Control 
Register includes 
four 
bits: 


STBY 
PWR, 
RAME, 
PPC, and PLC. Two of these bits, 


STBY PWR and RAME, are used to control RAM access and 
determine the adequacy of the standby power source during 
power-down 
operation. 
It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down 
procedure. 


RAME and STBY PWR are Read/Write 
bits. 


The remaining two bits, PLC and PPC, control the opera- 


tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in Mode O. The PLC bit can be writ- 
ten without 
restriction in Mode 0, but operation of the PPC 


bit is controlled 
by the state of PLC. 


Associated with the EPROM are an B-bit data latch and a 
16-bit address latch. The data latch is enabled at all times, 
latching each data byte written to the EPROM. The address 
latch is controlled 
by the PLC bit. 


A 
description 
of 
the 
RAM/EPROM 
Control 
Register 


follows. 


I 


PLC. 
Programming 
Latch 
Control. 


This bit controls (al a latch which cap- 
tures the EPROM address to be pro- 
grammed and (bl whether the PPC bit 
can be cleared. The latch is triggered 
by an MPU write to a location in the 
EPROM. This bit is set during 
reset 
and can be cleared only in Mode O.The 
PLC bit is defined as follows: 


PLC = 0 
EPROM 
address 
latch 
enabled; 
EPROM address is latched 
during MPU writes to the EPROM. 


PLC= 1 EPROM 
address 
latch 
is 


transparent. 


PPC. 
Programming 
Power 
Control. 


This 
bit 
gates 
power 
from 
the 
RESET/Vpp 
pin to the EPROM pro- 


gramming 
circuit. 
PPC is set during 
reset and whenever the PLC bit is set. 
It can be cleared only if lal operating in 
Mode 
0, 
and 
(bl 
if 
PLC has been 
previously 
cleared. 
The 
PPC bit 
is 
defined as follows: 


PPC = 0 
EPROM 
programming 
power (Vppi applied. 


PPC = 1 
EPROM 
programming 


power (Vppl 
is not applied. 


Unused. 


RAM Enable. This Read/Write 
bit can 
be used to remove the entire 
RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 
standby 
power 
is available 
on 
the 
positive 
edge 
of 
reset. 
If RAME 
is 
clear, any access to a RAM address is 
external. 
If RAME is set and not 
in 
Mode 3, the RAM is included in the in- 
ternal map. 
Standby 
Power. 
This bit is a read/ 


write status bit which, when once set, 
remains set as long as VCC standby re- 
mains 
above 
VSBB 
Iminimuml. 
As 
long as this bit is set following a period 
of 
standby 
operation, 
the 
standby 
power supply has adequately preserv- 
ed the data in the standby RAM. If this 
bit is cleared during a period of stand- 
by operation, 
it indicates 
that 
VCC 
standby 
had fallen 
to 
a level suffi- 


ciently 
below 
VSBB 
Iminimuml 
to 


suspect that data in the standby RAM 
is not valid. This bit can be set only by 
software 
and is not 
affected 
during 
reset. 


Bit 2-5 


Bit 6 RAME 


Note 
that 
if 
PPC and 
PLC are set, 
they 
cannot 
be 


simultaneously cleared with a single MPU write. The PLC bit 
must be cleared prior to attempting to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
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I 


it is assumed 
that 
Vpp 
is applied 
to the RESETIVpp 
pin 
whenever 
PPC is clear. If this is not the case, the result is 


undefined. 


ERASING THE MC68701 EPROM 


Ultraviolet 
erasure will clear all bits of the EPROM to the 
"0" 
state. 
Note that 
this erased state differs 
from 
that of 
some other widely 
used EPROMs (such as the MCM68700) 


where 
the erased state is a "1". 
The MC68701 EPROM is 


programmed 
by erasing it to "O's" 
and entering 
"I's" 
into 


the desired bit locations. 


The MC68701 EPROM can be erased by exposure to high 


intensity 
ultraviolet 
light with 
a wave length of 2537A for a 


minimum 
of 30 minutes. 
The recommended 
integrated 
dose 
IUV 
intensity 
X exposure 
time) 
is 15 Ws/cm. 
The lamps 
should 
be used without 
shortwave 
filters and the MC68701 


should 
be positioned 
about 
one 
inch 
away 
from 
the 
UV 
tubes. 


The MC68701 transparent 
lid should 
always 
be covered 


after 
erasing. 
This 
protects 
both 
the 
EPROM 
and 
Iight- 


sensitive nodes from accidental 
exposure to ultraviolet 
light. 


PROGRAMMING 
THE MC68701 EPROM 


When 
the MC68701 is released from 
Reset in Mode 0, a 
vector is fetched from location SBFFE:BFFF. This provides a 
method 
for an external 
program 
to obtain 
control 
of the 


microcomputer 
with access to every location in the EPROM. 


To program 
the EPROM, 
it is necessary 
to operate 
the 


MC68701 in Mode 0 under the control of a program rllsident 
in external 
memory 
which 
can facilitate 
loading 
and pro- 


gramming 
of the EPROM. After the pattern has been loaded 
into external 
memory, 
the EPROM can be programmed 
as 


follows: 


a. 
Apply programming 
power (Vpp) to the RESETIVpp 
pin. 


b. 
Clear the 
PLC control 
bit and set the 
PPC bit by 


writing 
SFE to the RAM/EPROM 
Control 
Register. 


c. 
Write 
data to the next EPROM location 
to be pro- 


grammed. 
Triggered 
by 
an 
MPU 
write 
to 
the 


EPROM, 
internal 
latches capture 
both 
the EPROM 
address and the data byte. 


d. 
Clear the 
PPC bit for 
programming 
time, 
tpp, 
by 


writing 
SFC to the RAM/EPROM 
Control 
Register 
and waiting 
for time, 
tpp. 
This step gates the pro- 


gramming 
power (Vpp) from the RESETlVpp 
pin to 


the EPROM which 
programs 
the location. 


e. 
Repeat steps b through 
d for each byte to be pro- 
grammed. 


f. 
Set the 
PLC and 
PPC bits 
by writing 
SFF to the 
RAM/EPROM 
control 
register. 


g. 
Remove 
the 
programming 
power 
(Vpp) 
from 
the 


RESETIVpp 
pin. The EPROM can now be read and 
verified. 


Because of the erased state of an EPROM byte is Soo, it is 


not necessary to program a location which is to contain 
Soo. 


Finally, 
it should 
be noted 
that 
the result of inadvertently 


programming 
a location 
more than once is the logical OR of 
the data patterns. 


A routine 
which 
can be used to program 
the MC68701 
EPROM is provided 
at the end of this publication. 
This non- 


reentrant 
routine 
requires four double byte variables named 
IMBEQ, 
IMEND, 
PNTR, and WAIT 
to be initialized 
prior to 


entry to the routine. 
These variables indicate (a) the first and 
last memory locations which 
bound the data to be program- 
med into the EPROM, (b) the first EPROM location to be pro- 
grammed, 
and 
(e) a number 
which 
is used to 
generate 


the programming 
time delay. The last variable, WAIT, 
takes 


into 
account 
the 
MCU 
input 
crystal 
(or 
TTL-compatible 


clock) 
frequency 
to 
insure the programming 
time, 
tpp, 
is 


met. WAIT 
is defined 
as the number 
of MPU E-cycles that 
will 
occur 
in the 
real-time 
EPROM 
programming 
interval, 
tpp. For example: 
if tpp = 50 milliseconds 
and the MC68701 


IS being driven With a 4.00 MHz TTL-compatlble 
clock: 


WAIT 
(MPU E-cyclesl = .tpp.IMCU 
INPUT FREQ/l4.106 
= 50000(4.106)/4.106 
=50000 


NOTE 


A 
monitor 
program 
called 
PRObug 
is available 
from 


Motorola 
Microsystems. 
PRObug contains 
a user option 
for 
programming 
the on-board 
MC68701 EPROM. 


The Programmable 
Timer can be used to perform 
input 
waveform 
measurements 
while independently 
generating 
an 
output 
waveform. 
Pulse 
widths 
can 
vary 
from 
several 
microseconds 
to 
many 
seconds. 
A block 
diagram 
of the 
Timer is shown 
in Figure 21. 


COUNTER ($09:0A) 


The key timer 
element 
is a 16-bit free-running 
counter 
which 
is incremented 
by E (Enablel. 
It is cleared during reset 
and is read-only with 
one exception: 
a write to the counter 


(S09) will 
preset 
it to 
SFFFB. This 
feature, 
intended 
for 
testing, 
can disturb 
serial operations 
because 
the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter 
contains 
all l's. 


OUTPUT 
COMPARE 
REGISTER ($OB:OC) 


The 
Output 
Compare 
Register 
is a 
16-bit 
Read/Write 
register used to control an output 
waveform 
or provide an ar- 
bitrary 
timeout 
flag. 
It is compared 
with 
the free-running 
counter 
on each E-cycle. When a match occurs, 
OCF is set 


and OLVL is clocked to an output 
level register. 
If Port 2, bit 
1, is configured 
as an output, 
OLVL will appear at P21 and 
the 
Output 
Compare 
Register 
and 
OLVL 
can 
then 
be 
changed 
for the next compare. 
The function 
is inhibited 
for 
one cycle 
after 
a write 
to the high 
byte of the Compare 
Register (SOB) to ensure a valid compare. 
The Output 
Com- 
pare Register is set to SFFFF during 
reset. 


INPUT CAPTURE 
REGISTER ($OD:OE) 


The Input 
Capture 
Register is a 16-bit read-only 
register 
used to store the free-running 
counter 
when a "proper" 
in- 


put transition 
occurs as defined by IEDG. Port 2, bit 0 should 
be configured 
as an input, but the edge detect circuit always 
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Timer 


Control 


And 
Stetu$ 


Register 
S08 


senses P20 even when configured 
as an output. 
An input 
capture can occur independently of ICF: the register always 
contains 
the most current 
value. 
Counter 
transfer 
is in- 
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 


TIMER 
CONTROL AND STATUS 
REGISTER ($all 


The Timer Control and Status Register ITCSRI is an 8-bit 
register of which all bits are readable while bits 0-4 can be 
written. 
The three most significant 
bits provide the timer 
status and indicate if: 


• 
a proper level transition has been detected, 


• 
a match has occurred between the free-running 
counter and the output compare register, and 


• 
the free-running 
counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 


and is controlled by an individual enable bit in the TCS R. 


Output 
Inpur 


Level 
Edge 


Bit 
1 
Bit 0 


Port 
2 
Port 
2 


Output level. OLVL is clocked to the 
output 
level register by a successful 


output compare and will appear at P21 
if Bit 1 of the Port 2 Data Direction 
Register is set. 
It is cleared during 
reset. 


Input 
Edge. IEDG is cleared during 
reset and controls which 
level transi- 


tion will trigger a counter transfer to 
the Input Capture Register: 


IEDG=0 Transfer on a negative-edge 


IEDG= 1 Transfer on a positive-edge. 


Enable 
Timer 
Overflow 
Interrupt. 


When set, an IRQ2 interrupt is enabled 
for a timer overflow; 
when clear, the 
interrupt is inhibited. 
It is cleared dur- 


ing reset. 


Enable 
Output 
Compare 
Interrupt. 


When set, an IRQ2 interrupt is enabled 
for an output 
compare; 
when 
clear, 
the interrupt 
is inhibited. 
It is cleared 
during reset. 


Enable Input Capture Interrupt. When 
set, an IRQ2 interrupt is enabled for an 
input capture; 
when clear, the inter- 


rupt is inhibited. 
It is cleared during 
reset. 


• 
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Timer Overflow 
Flag. TOF is set when 


the 
counter 
contains 
all 
1's. 
It 
is 


cleared 
by 
reading 
the 
TCSR 
(with 


TOF set) then reading the counter high 
byte ($09), or by RESET. 


Output 
Compare 
Flag. 
OCF 
is 
set 
when 
the 
Output 
Compare 
Register 
matches the free-running 
counter. 
It is 


cleared 
by 
reading 
the 
TCSR 
(with 


OCF setl and then writing 
to the Out- 
put Compare Register ($OB or $OC), or 
by RESET. 


Input 
Capture 
Flag. 
ICF is set to in- 
dicate 
a proper 
level transition; 
it is 


cleared by reading the TCSR (with ICF 
set) 
and 
then 
the 
Input 
Capture 
Register 
High 
Byte 
1$00), 
or 
by 
RESET 


Transmit/Receive 
Control 
and 
Status 
Register. 
Data 
is 
transmitted 
and 
received 
utilizing 
a write-only 
Transmit 
Register and a read-only Receive Register. The shift registers 
are not accessible to software. 


Rate and Mode Control 
Register (RMCR) ($10) 


The Rate and Mode Control 
Register controls 
the SCI bit 
rate, format, 
clock source, and under certain conditions, 
the 


configuration 
of P22. The register consists of four write-only 
bits which 
are cleared during reset. The two least significant 
bits control 
the bit rate of the internal clock and the remain- 


ing two bits control 
the format 
and clock source. 


4 
3 
2 
1 
0 


X I CCll 
ccol 
SSl 
~ 
$0010 


A full-duplex 
asynchronous 
Serial Communications 
Inter- 
face (SCII is provided with two data formats and a variety of 
rates. The SCI transmitter 
and receiver are functionally 
in- 
dependent, 
but use the same data format and bit rate. Serial 


data 
formats 
include 
standard 
mark/space 
INRZl 
and 
Bi- 
phase and both provide one start bit, eight data bits, and one 
stop bit. "Baud" 
and "bit 
rate" 
are used synonymously 
in 
the following 
description. 


WAKE-UP 
FEATURE 


In a typical 
serial loop multi-processor 
configuration, 
the 


software 
protocol 
will usually identify the addresseelsl 
at the 
beginning 
of the message. 
In order to permit 
uninterested 


MPU's 
to ignore the remainder of the message, a wake-up 


feature is included whereby 
all further 
SCI receiver flag (and 
interrupti 
processing can be inhibited 
until the data line goes 
idle. An SCI receiver is re-enabled 
by an idle string 
of 
11 


consecutive 
l's 
or during 
reset. Software 
must provide 
for 


the required idle string between 
consecutive 
messages and 
prevent it within 
messages. 


PROGRAMMABLE 
OPTIONS 


The following 
features of the SCI are programmable: 


• 
format: 
standard 
mark/space 
INRZI or Bi-phase 


• 
clock: external or internal 
bit rate clock 


• 
Baud: 
one of 4 per E-clock frequency, 
or ex- 


ternal clock (X8 desired baud) 


• 
wake-up 
feature: 
enabled or disabled 


• 
interrupt 
requests: 
enabled 
individually 
for 
trans- 
mitter and receiver 


• 
clock 
output: 
internal 
bit 
rate clock 
enabled 
or dis- 
abled to P22 


SERIAL COMMUNICATIONS 
REGISTERS 


The 
Serial 
Communications 
Interface 
includes 
four 
ad- 
dressable registers as depicted 
in Figure 22. It is controlled 
by 
the 
Rate 
and 
Mode 
Control 
Register 
and 
the 


Bitl:BitO 
SSl:SS0 
Speed 
Select. 
These 
two 
bits select the Baud rate when 
using 
the internal 
clock. 
Four rates may be 
selected 
yvhich are a function 
of the 
MCU input frequency. 
Table 6 lists bit 
time and rates for three selected MCU 
frequencies. 


Bit 3:Bit 2 
CC1:CCO Clock 
Control 
and 
Format 
Select. These two bits control 
the for- 
mat and select the serial clock source. 
If CCl is set, the DDR value for P22 is 
forced 
to the complement 
of CCO and 


cannot 
be altered until CCl is cleared. 
If CCl is cleared after having been set, 
its DDR value is unchanged. 
Table 7 


defines the formats, 
clock source, and 
use of P22. 


If both CCl and CCO are set, an external TTL compatible 


clock 
must 
be connected 
to 
P22 at eight 
times 
18X) the 


desired bit rate, but not greater than E, with a duty cycle of 
50% 1± 10%). If CCl :CCO= 10, the internal 
bit rate clock is 
provided 
at P22 regardless of the values for TE or RE. 


NOTE: The source of SCI internal bit rate clock is the timer 
free running 
counter. 
An MPU write 
to the counter 


can disturb 
serial operations. 


Transmit/ 
Receive Control 
And Status 
Register 
(TRCSR) 
1$11) 


The Transmit/Receive 
Control 
and Status 
Register con- 
trols the transmitter, 
receiver, wake-up 
feature, 
and two in- 


dividual 
interrupts 
and monitors 
the status 
of serial opera- 


tions. 
All eight 
bits are readable while 
bits 0 to 4 are also 


writable. 
The register is initialized 
to $20 by RESET. 


TRANSMIT/RECEIVE 
CONTROL AND 
STATUS 
REGISTER (TRCSR) 
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SSl:SSO 
410_ 
2.4676 
MHz 
4.0 MHz 
4.9152 
MHz 
E 
614.4 
kHz 
1.0 MHz 
1.2288 MHz 


0 
0 
+ 16 
26 ••s/38,400 
Baud 
16 ..s/62 
500 <laud 
13.0 ••s/76.800 
Baud 
0 
1 
+ 126 
20B "s/4,800 
Baud 
126 "s/7812.5 
Baud 
104.2 "s/9.600 
Baud 
1 
0 
+ 1024 
1.67 ms/600 
Baud 
1.024 ms/976.6 
Baud 
833.3 ••s/1.2OO Baud 
1 
1 
+4096 
6.67 ms/150 
Baud 
4.096 
ms/244.1 
Baud 
3.33 ms/300 
Baud 
External 
IP221 
Up to 76,800 
Baud 
Up to 125,000 
Baud 
Up to 153.600 
Baud 


CC1:CCO 
Format 
Clock 
Source 
Port 2, Bit 2 


0 
0 
Bi·Phase 
Internal 
Not Used 


0 
1 
NRZ 
Internal 
Not Used 


1 
0 
NRZ 
Internal 
Output 


1 
1 
NRZ 
External 
Input 


('t 7 
Rate and 
Mode 
Conlrol 
RegIster 
Bit 0 


~S10 
• 


Clock 
Bot 
2 


r- 
Bit 
12 
4 
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"Wake-up" 
on 
Idle line. 
When 
set. 


WU enables the wake-up function; 
it is 
cleared by'1' 
!consecutive 
"s 
or dur- 
ing reset. WU will not set if the line is 
idle. 


Transmit 
Enable. When set, P24 DDR 
bit is set, cannot be changed, 
and will 
remain 
set 
if 
TE 
is 
subsequently 
cleared. 
When 
TE 
is changed 
from 
clear 
to 
set, 
the 
transmitter 
is con- 
nected to P24 and a preamble of nine 
consecutive 
l's 
is transmitted. 
TE is 
cleared during 
reset. 


Transmit 
Interrupt 
Enable. When 
set, 


an 
IR02 
interrupt 
is enabled 
when 
TDRE is set; when clear, the interrupt 
is inhibited. 
TE is cleared during reset. 


Receive 
Enable. 
When 
set, 
the 
P23 
DDR bit is cleared, 
cannot 
be chang- 
ed, and will remain clear if RE is subse- 
quently 
cleared. 
While 
RE is set, the 
SCI receiver is enabled. 
RE is cleared 
during 
reset. 


Receiver Interrupt 
Enable. When 
set, 
an 
IR02 
interrupt 
is enabled 
when 
RDRF andlor 
ORFE is set; when clear, 
the interrupt 
is inhibited. 
RIE is cleared 
during 
reset. 


Transmit 
Data Register Empty. 
TDRE 
is set when the Transmit 
Data Register 
is transferred 
to the output 
serial shift 
register or during reset. It is cleared by 
reading 
the 
TRCSR 
(with 
TDRE set) 
and then writing 
to the Transmit 
Data 
Register. 
Additional 
data 
will 
be 
transmitted 
only 
if 
TDR E has 
been 
cleared. 


Overrun Framing Error. If set, ORFE in- 
dicates either an overrun or framing er- 
ror. An overrun is a new byte ready to 
transfer 
to the Receiver Data Register 
with 
RDRF still set. A receiver framing 
error 
has 
occurred 
when 
the 
byte 
boundaries 
of the bit stream 
are not 


synchronized 
to 
the 
bit counter. 
An 
overrun 
can be distinguished 
from 
a 
framing 
error by the state of RDRF: if 
RDRF is set, then an overrun 
has oc- 
curred; 
otherwise 
a framing 
error has 
been detected. 
Data is not transferred 
to 
the 
Receive 
Data 
Register 
in 
an 
overrun 
condition. 
Unframed 
data 
causing a framed error is transferred 
to 
the 
Receive Data 
Register. 
However, 


subsequent 
data 
transfer 
is blocked 
until the framing 
error flag is cleared.' 
ORFE is cleared by reading the TRCSR 
(with ORFE set) then the Receive Data 
Register, or during 
reset. 


Receive 
Data 
Register 
Full. 
RDRF is 
set when the input serial shift 
register 
is 
transferred 
to 
the 
Receive 
Data 
Register. 
It is cleared 
by reading 
the 
TRCSR (with 
RDRF set), and then the 
Receive Data Register, or during reset. 


SERIAL 
OPERATIONS 


The SCI is initialized 
by writing 
control 
bytes first to the 
Rate 
and 
Mode 
Control 
Register 
and 
then 
to 
the 
Transmitl 
Receive Control 
and Status 
Register. When 
TE is 
set, the output 
of the transmit 
serial shift 
register 
is con- 
nected to P24 and serial output 
is initiated 
by transmitting 
to 
9-bit preamble of "s. 


At this point one of two situations 
exist: 1) if the Transmit 
Data Register is empty (TDRE = ,), a continuous 
string of , 's 
will be sent indicating 
an idle line, or 2) if a byte has been 
written 
to the Transmit-Data 
Register (TDRE=O), 
it will be 
transferred 
to the output 
serial shift 
register 
(synchronized 
with 
the bit rate clock), 
TDRE will be set, and transmission 
will begin. 
The start bit (0), eight data bits (beginning 
with bit 0) and a 
stop bit (1), will be transmitted. 
If TDRE is still set when the 


next byte transfer 
should 
occur, 
"s 
will be sent until more 
data is provided. 
In Bi-phase format, 
the output 
toggles 
at 
the start of each bit and at half-bit 
time when a "'" 
is sent. 


Receive operation 
is controlled 
by RE which 
configures 
P23 
as an input and enables the receiver. SCI data formats are il- 
lustrated 
in Figure 23. 


Bit 
Idle 
Start 
0 


oala: 01001101 
($40) 
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The MC68701 is upward 
source and object code compati- 
ble with 
the 
MC68O). 
Execution 
times of key instructions 
have been reduced and several new instructions 
have been 
added, 
including 
a hardware 
multiply. 
A list of new opera- 
tions 
added 
to 
the 
MC68O) 
instruction 
set is shown 
in 
Table 1. In addition, 
two 
new special opcodes, 
4E and 5E, 
are provided 
for test purposes. 
These opcodes force the pro- 
gram counter 
to increment 
like a 16-bit counter, 
causing ad- 
dress lines used in the expanded 
modes to increment 
until 
the device is reset. These opcodes 
have no mnemonics. 


The coding 
of the first lor only) byte corresponding 
to an 
executable 
instruction 
is sufficient 
to identify 
the instruction 
and the addressing 
mode. 
The hexadecimal 
equivalents 
of 
the binary codes, which 
result from the translation 
of the 82 
instructions 
in. all valid modes of addressing, 
are shown 
in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 reserved for test purposes. 


PROGRAMMING 
MODEL 


A programming 
model for the MC68701 is shown in Figure 
9. Accumulator 
A can be concatenated 
with accumulator 
8 
and jointly 
referred to as accumulator 
D where A is the most 
significant 
byte. 
Any operation 
which 
modifies 
the double 
accumulator 
will also modify accumulator 
A and/or 
B. Other 
registers are defined 
as follows: 


Program 
Counter 
- 
The 
program 
counter 
is a 16-bit 
register which 
always points to the next instruction. 


Stack 
Pointer 
- 
The stack 
pointer 
is a If>·bit register 
which contains 
the address of the next available location in a 
pushdown/pullup 
ILlFO) 
queue. 
The stack resides in ran- 


dom access memory 
at a location 
defined 
by the program- 


mer. 


Index Register 
- 
The Index Register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators 
- 
The 
MCU 
contains 
two 
8-bit 
ac- 


cumulators, 
A and B, which 
are used to store operands and 
results from the arithmetic 
logic unit IALUI. 
They can also be 
concatenated 
and referred to as the D Idoublel 
accumulator. 


Condition 
Code Registers 
- 
The condition 
code register 
indicates 
the 
results 
of 
an 
instruction 
and 
includes 
the 
Overflow 
IV), Carry/Borrow 
from 
MSB ICI, and Half Carry 


following 
five 
condition 
bits: 
Negative 
IN), 
Zero 
IZ), 


from 
bit 3 IHI. These bits are testable 
by the conditional 
branch instructions. 
Bit 4 is the interrupt 
mask (I-bit) and in- 
hibits all maskable interrupts 
when set. The two unused bits, 


B6 and B7 are read as ones. 


ADDRESSING 
MODES 


The MC68701 provides six addressing modes which can be 
used to reference memory. 
A summary of addressing modes 
for all instructions 
is presented 
in Tables 9, 10, 11, and 12 
where execution 
times are provided 
in E cycles. Instruction 
execution 
times are summarized 
in Table 13. With 
an input 
frequency 
of 
4 
MHz, 
E cycles 
are equivalent 
to 
micro- 
seconds. 
A cycle-by-cycle 
description 
of 
bus activity 
for 
each instruction 
is provided 
in Table 14 and a description 
of 
selected instructions 
is shown 
in Figure 24. 


Immediate 
Addressing 
- 
The operand 
or 
"immediate 
bytels)" 
is contained 
in the following 
bytels) 
of the instruc- 
tion 
where 
the number 
of bytes 
matches 
the size of 
the 
register. 
These are two or three byte instructions. 


Direct 
Addressing 
- 
The least significant 
byte 
of 
the 
operand 
address is contained 
in the second byte of the in- 
struction 
and the most significant 
byte is ass~med to be $00. 


Diroct addressing allows the user to access $00 through 
$FF 
using two byte instructions 
and execution 
time is reduced by 
eliminating 
the additional 
memory 
access. In most applica- 


tions, the 256-byte area is reserved for frequently 
referenced 
data. 


Extended Addressing 
- 
The second and third bytes of the 
instruction 
contain 
the 
absolute 
address 
of 
the operand. 


These are three byte instrutions. 


Indexed Addressing 
- 
The unsigned 
offset 
contained 
in 
the second byte of the instruction 
is added with carry to the 
Index 
Register 
and 
used 
to 
reference 
memory 
without 
changing 
the Index Register. 
These are two 
byte instruc- 


tions. 


Inherent 
Addressing 
- 
The operand(sl 
are registers and 
no memory 
reference 
is required. 
These are single byte ;n- 
struction::i, 


Relative Addressing 
- 
Relative addressing is used only for 
branch instructions. 
If the tJran~h condition 
is true, the Pro- 


gram Counter is overwritten 
with the sum of a signed single 
byte displacement 
in the second byte of the instruction 
and 
the current 
Program Counter. 
This provides a branch range 
of 
-126 
to 129 bytes from the first byte of the instruction. 


These are two byte instructions. 


• 
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OP 
MNEM 
MODe 
- , OP 
MNEM 
MODE 
- , 
OP 
MNEM 
MODE 
- , OP 
MNEM 
MOCE 
- , OP 
MNEM 
MODE 
- , 


00 · 


34 
DES 
INHER 
3 
1 
68 
ASL 
INoxa 
6 
2 
9C 
CPX 
DIR 
• 
2 
DO 
SUBS 
DIR 
3 
2 


01 
NOP 
INHER 
2 
1 
3S 
TXS 
3 
1 
69 
ROL 


1 


6 
2 
90 
JSR t 
• 
2 
01 
CMPB 
3 
2 


02 
36 
P$HA 
3 
1 
6A 
DEC 
6 
2 
9' 
LDS 
4 
2 
02 
S8CB 
3 
2 


03 
37 
P$HB 
3 
1 
6B · 


9F 
STS 
DIR 
4 
2 
03 
ADOO 
• 
2 


04 
LSRD 
3 
1 
3B 
PUlX 
• 
1 
6C 
INC 
6 
2 
AO 
SUBA 
INoxa 
4 
2 
D4 
ANDB 
3 
2 


06 
ASLD 
3 
1 
3B 
RTS 
• 


1 
60 
TST 
6 
2 
Al 
CMPA 
4 
2 
os 
BITS 
3 
2 


06 
TAP 
2 
1 
3A 
ABX 
3 
1 
6E 
JMP 
3 
2 
A2 
SBCA 
4 
2 
D6 
LOAB 
3 
2 


07 
TPA 
2 
1 
3B 
Rli 
10 
1 
6F 
CLR 
INoxa 
6 
2 
A3 
sueD 
6 
2 
07 
STAB 
3 
2 


OB 
INX 
3 
1 
3C 
P$HX 
4 
1 
70 
NEG 
EXTND 
6 
3 
A4 
ANDA 
4 
2 
DB 
EORB 
3 
2 


OB 
DEX 
3 
1 
3D 
MUL 
10 
1 
71 · 


A' 
BITA 
4 
2 
D9 
ADes 
3 
2 


OA 
CLV 
2 
1 
3E 
WAI 
9 
1 
72 
A6 
LDAA 
4 
2 
DA 
DRAB 
3 
2 


OB 
SEV 
2 
1 
3F 
SWI 
12 
1 
7J 
COM 
6 
3 
A7 
S1AA 
4 
2 
DB 
ADDS 
3 
2 


oc 
CLC 
2 
1 
40 
NEGA 
2 
1 
74 
LSR 
6 
3 
AS 
fORA 
4 
2 
DC 
LDD 
4 
2 


00 
SEC 
2 
1 
41 
7' 
A9 
ADeA 
4 
2 
DO 
STO 
4 
2 


OE 
ClI 
2 
1 
42 
76 
ROR 
6 
3 
AA 
DRAA 
4 
2 
DE 
LOX 
4 
2 


OF 
S" 
2 
1 
43 
COMA 
2 
1 
77 
ASR 
6 
3 
AB 
ADDA 
4 
2 
OF 
STX 
DIR 
4 
2 


10 
SBA 
2 
1 
44 
LSAA 
2 
1 
78 
ASL 
6 
3 
AC 
CPX 
6 
2 
EO 
SUB8 
INOXQ 
4 
2 


11 
C8A 
2 
1 
4' 
79 
ROL 
6 
3 
AD 
JSR 
6 
2 
E1 
CMPB 
4 
2 


12 
46 
AQAA 
2 
1 
7A 
DEC 
6 
3 
AE 
LOS 
• 
2 
E2 
S8CB 
4 
2 


13 
47 
ASAA 
2 
1 
7B · 


AF 
STS 
INoxa 
5 
2 
E3 
ADOD 
6 
2 


14 
4B 
ASlA 
2 
1 
7C 
INC 
6 
3 
BO 
SUBA 
EXTNO 
4 
3 
E4 
ANDB 
4 
2 


15 
49 
ROlA 
2 
1 
70 
TST 
6 
3 
Bl 
CMPA 
4 
3 
E' 
BIT8 
4 
2 


16 
TA8 
2 
1 
4A 
DECA 
2 
1 
7E 
JMP 
3 
3 
B2 
secA 
4 
3 
E6 
LDA8 
4 
2 


17 
TBA 
2 
1 
4B · 
7F 
CLR 
EXTND 
6 
3 
83 
SUBD 
6 
3 
E7 
STAB 
4 
2 


18 
4C 
INCA 
2 
1 
110 
SUBA 
IMMEO 
2 
2 
B4 
ANDA 
4 
3 
E8 
EORB 
4 
2 


19 
DAA 
INHER 
2 
1 
40 
1STA 
2 
1 
81 
CMPA 
2 
2 
B5 
BITA 
4 
3 
E9 
AOCB 
4 
2 


lA 
4E 
T 
82 
S8CA 
2 
2 
86 
lOAA 
4 
3 
EA 
DRAB 
4 
2 


18 
A8A 
INHER 
2 
1 
4F 
(LRA 
2 
1 
8J 
sueD 
4 
3 
B7 
STAA 
4 
3 
EB 
ADDB 
4 
2 


lC · 
50 
NEGB 
2 
1 
84 
ANDA 
2 
2 
B8 
EORA 
4 
3 
EC 
LDD 
• 
2 


10 · 


51 · 


86 
BITA 
2 
2 
B9 
ADCA 
4 
3 
ED 
STO 
• 
2 


IE 
52 · 
B6 
LOAA 
2 
2 
BA 
QRAA 
• 
3 
EE 
LOX 
• 
2 


IF · 
53 
COMB 
2 
1 
B7 
BB 
ADDA 
4 
3 
EF 
STX 
INoxa 
• 
2 


20 
BRA 
REL 
3 
2 
54 
lSAB 
2 
1 
BB 
EORA 
2 
2 
BC 
CPX 
6 
3 
FO 
SUBS 
EXTND 
• 
3 


21 
BRN 
3 
2 
55 · 


89 
ADCA 
2 
2 
BD 
JSR 
6 
3 
F1 
CMPS 
• 
3 


22 
BHI 
3 
2 
68 
RQRB 
2 
1 
8A 
DRAA 
2 
2 
BE 
LOS 
5 
3 
F2 
S8CB 
• 
3 


23 
BLS 
3 
2 
57 
ASRB 
2 
1 
BB 
ADOA 
2 
2 
BF 
STS 
EXTND 
• 
3 
F3 
ACOO 
8 
3 


24 
BCC 
3 
2 
68 
ASLB 
2 
1 
BC 
CPX 
IMMED 
4 
3 
co 
SUBB 
IMMEO 
2 
2 
F4 
AN08 
4 
3 


25 
BCS 
3 
2 
59 
ROLB 
2 
1 
80 
BSR 
REL 
6 
2 
Cl 
CMPB 
2 
2 
F5 
8ITB 
• 
3 


26 
BNE 
3 
2 
'A 
DEC8 
2 
1 
BE 
LOS 
IMMED 
3 
3 
C2 
S8CB 
2 
2 
F6 
LOA8 
• 
3 


27 
BEO 
3 
2 
'B · 
BF 
OJ 
AODD 
4 
3 
F7 
STA8 
• 
3 
28 
BVC 
3 
2 
.C 
INCB 
2 
1 
90 
SUBA 
DIR 
3 
2 
C4 
AN DB 
2 
2 
F8 
EORB 
• 
3 


29 
BVS 
3 
2 
.0 
TSTB 
2 
1 
91 
CMPA 
3 
2 
C. 
BITB 
2 
2 
F9 
AOCB 
• 
3 


2A 
BPL 
3 
2 
'E 
T 
92 
SBCA 
3 
2 
C6 
LOAB 
2 
2 
FA 
ORAB 
4 
3 


2B 
BMI 
3 
2 
'F 
CLRB 
INHEA 
2 
1 
93 
SUBD 
• 
2 
C7 · 
FB 
AOOB 
• 
3 


2C 
BGE 
3 
2 
60 
NEG 
INOXD 
6 
2 
94 
ANDA 
3 
2 
CB 
EORB 
2 
2 
FC 
LDD 
• 
3 


20 
BLT 
3 
2 
61 


1 


95 
BITA 
3 
2 
C9 
ADCB 
2 
2 
FD 
STO 
5 
3 


2E 
BGT 
3 
2 
62 
96 
LDAA 
3 
2 
CA 
ORAB 
2 
2 
FE 
LOX 
5 
3 


2F 
BLE 
REL 
3 
2 
63 
COM 
6 
2 
97 
STAA 
3 
2 
CB 
ADDB 
2 
2 
FF 
STX 
EXTND 
5 
3 
:xl 
TSX 
INHER 
3 
1 
64 
LSR 
6 
2 
9B 
EORA 
3 
2 
CC 
LDD 
3 
3 


31 
INS 


~ 


3 
1 
65 
99 
ADCA 
3 
2 
CD · 
• UNDEFINED 
OP CODE 
32 
PULA 
4 
1 
68 
ROR 
6 
2 
9A 
DRAA 
3 
2 
CE 
LOX 
IMMED 
3 
3 
33 
PULB 
4 
1 
67 
ASR 
INOXD 
5 
2 
9B 
AOOA 
3 
2 
CF · 


NOTES: 


1. Addressing 
Modes 
INHER _Inherent 
INDXD_lndexed 
IMMED _Immediate 


REL _ Relative 
EXTND _ Extended 
DIR _ Direct 


2. Unassigned 
opcodes are indicated 
by ..•.. 
and should not be executed. 


3. Codes marked 
by "r force 
the PC to function 
as 8 16-bit counter. 
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Condition Codes 


Immed 
Direct 
Indox 
Ex18nd 
Inherent 
Booioon/ 
5 
4 
3 
2 
1 
0 


Pointer Operations 
MNEM Op- , Op- , Op- , Op - , Op - , 
Arithmetic 
Operation 
H 
I 
N 
2 
V 
C 


Compare Index Register 
CPX 
BC 
4 
3 
9C 
5 
2 
AC 
6 
2 
BC 6 
3 
X-M:M+l 
· · I I I I 


Decrement Index Register 
DEX 
00 
3 
1 
X-l-X 
· · · I · · 
Decrement Stack Pointer 
DES 
34 
3 
1 
SP-I-SP 
· · · · · · 
Increment Index Aegister 
INX 
06 
3 
1 
X+l-X 
· · · I · · 
Increment Stack Pointer 
INS 
31 
3 
1 
1SP+l-SP 
· · · · · · 
Load Index Aegister 
LOX 
CE 3 
3 
DE 4 
2 
EE S 
2 
FE 5 
3 
M-XH.IM+lI-XI 
·· 


R · 
Load Stack Pointer 
LDS 
8E 
3 
3 
9E 
4 
2 
AE 
S 
2 
BE S 
3 
M-SPH.(M+1)-SPl 
· · 


R · 


Store Index Register 
STX 
DF 
4 
2 
EF 
S 
2 
FF 
S 
3 
XH-M,XL-(M+ll 
· · 
R · 


Store Stack Pointer 
STS 
9F 
4 
2 
AF 
S 
2 
BF 
S 
3 
SPH-M,SPL-IM+l1 
· · 
R · 
Index Reg - 
Stack Pointer 
TXS 
35 
3 
1 
X-I-SP 
· · · · · · 


Stack Pntr -Index 
Register 
TSX 
30 
3 
1 SP+l-X 
· · · · · · 
Add 
ABX 
3A 
3 
1 
B+X-X 
· · · · · · 
Push Data 
PSHX 
3C 
4 
1 
XL -MSp.SP-I-SP 
· · · · · · 
XH-MSp.SP-I-SP 


Pull Data 
PULX 
38 
S 
1 
SP+ I-SP.MSp-XH 
· · · · · · 
SP+l-SP,MSp-XL 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
I"her 
Bool •• n 
Condition 
Codes 
Memory 
Operations 
MNE 
Op 
# 
Op 
- 
# 
Op 
- 
# 
Op 
- 
# 
Op 
# 
EXDression 
H 
N 
Z 
V 
C 
Add Acmltrs 
ABA 
1B 
2 
1 A+8-A 
, 
I 
I 
Add 
B to X 
ABX 
3A 
3 
1 OO:B + X-X 
• 
• • • • 
Add with Carry 
AOCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 


AOCB 
C9 
2 
2 
09 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 


Add 
AOOA 
8B 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A + M 
-A 


AOOB 
CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B + M-A 


Add 
Double 
AD DO 
C3 
4 
3 
03 
5 
2 
E3 
6 
2 
F3 
6 
3 
0+ 
M:M 
+ 1 -0 


And 
ANOA 
84 
2 
2 
94 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
R • 
ANOB 
C4 
2 
2 
04 
3 
2 
E4 
4 
2 
F4 
4 
3 
B· 
M-B 
R • 
Shift 
Left. 
ASL 
6B 
6 
2 
78 
6 
3 
-- 
Arithmetic 
ASLA 
48 
2 
1 fI~ 
11111111 
.••.. 0 


ASL8 
2 
1 


07 
bO 


Shift 
Left 
Obi 
ASLO 
05 
3 
1 
Shift 
Right. 
ASR 
67 
6 
2 
77 
6 
3 
C[llililll+El 
Arithmetic 
ASRA 
47 
2 
1 
ASRB 
57 
2 
1 
b7 
bO 


Bit Test 
BITA 
85 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
R • 
BITB 
C5 
2 
2 
05 
3 
2 
ES 
4 
2 
F5 
4 
3 
8· 
M 
R • 
Compare 
Acmltrs 
CBA 
11 
2 
1 A-8 
I 
I I 
Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
OO-M 
R 
S 
R 
R 
CLRA 
4F 
2 
1 00 
-A 
R 
S 
R 
R 
CLRB 
5F 
2 
1 00-8 
R 
5 
R 
R 
Compare 
CMPA 
81 
2 
2 
91 
3 
2 
Al 
4 
2 
Bl 
4 
3 
A-M 
• 
I 
CMP8 
Cl 
2 
2 
01 
3 
2 
El 
4 
2 
Fl 
4 
3 
8 - M 
l's 
Complement 
COM 
63 
6 
2 
73 
6 
3 
~-M 
R 
S 
COMA 
43 
2 , 
-A 
R 
5 
COMB 
53 
2 
1 ll-8 
R 
S 


Decimal 
Adj. A 
OAA 
19 
2 
1 
dJ binary sum to BCD 


Decrement 
OEC 
6A 
6 
2 
7A 
6 
3 
M-l 
M 
• 
OECA 
4A 
2 
1 A-I 
-A 
• 
OECB 
SA 
2 
1 8 - 1 -B 
• 
ExclUSive OR 
EORA 
88 
2 
2 
98 
3 
2 
A8 
4 
2 
88 
4 
3 
A 0 
M -A 
R • 
EOR8 
C8 
2 
2 
08 
3 
2 
E8 
4 
2 
F8 
4 
3 
8 
G> 
M-8 
t 
R • 
Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+ 
1-M 
I 
I • 
INCA 
4C 
2 
1 A 
+ 1-A 
I • 
INCB 
5C 
2 
1 B + 1 -B 
t • 
load 
Acmltrs 
LOAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
86 
4 
3 
M -A 
R • 
LOAB 
C6 
2 
2 
06 
3 
2 
E6 
4 
2 
F6 
4 
3 
M -8 
R • 
load 
Double 
LOO 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
S 
3 
M-M+ 
1 -0 
R • 
logical 
Shift. 
LSL 
68 
6 
2 
78 
6 
3 
Left 
LSLA 
48 
2 
1 
-- 


LSLB 
58 
2 
1 ~-lllllllll_o 
.7 
bO 


LSLO 
05 
3 
1 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-201 


• 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
8001 •• n 
Condition 
Cod •• 
Memory 
Operations 
MNE 
Op 
/I Op - 
/I Op - 
/I Op - 
/I Op - 
/I 
Expreuion 
H 
I 
N 
Z 
V 
C 


Shift 
Right. 
LSR 
64 
6 
2 
74 
6 
3 
-+ 
• • 
R 


Logical 
LSRA 
44 
2 
1 0-11 
I I I I II t-m • • 
R 


LSRB 
54 
2 
1 
" 
"" 
• • 
R 


LSRD 
D4 
3 
1 
• • 
R 


Multiply 
MUL 
3D 
1D 
1 
AXB-D 
• • • • • 
2'5 Complement 
NEG 
60 
6 
2 
70 
6 
3 
00 
- M-M 
• • 
I 
I 
(Negatel 
NEGA 
40 
2 
1 00 
- A-A 
• • I I I 
NEGB 
50 
2 
1 00 
- B-B 
• • 
I 


No Operation 
NOP 
01 
2 
1 PC"-PC 
• • • • • • 
InclUSive 
OR 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A. 
M-A 
• • 
I 
R • 
ORAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B' 
M-B 
• • 
I 
R • 
Push Data 
PSHA 
36 
3 
1 A -Stack 
• 
• • • • 
PSHB 
37 
3 
1 B -Stack 
• • • • 
Pull 
Data 
PULA 
32 
4 
1 Stack 
-A 
• • • • 
PULB 
33 
4 
1 Stack 
-B 
• • • • 
Rotate 
Left 
ROL 
69 
6 
2 
79 
6 
3 
- 
I I I I 
ROLA 
49 
2 
1 
&}4-l1111l1l~ 
I 


ROLB 
59 
2 
1 


oJ 
"" 
I 
I 
Rotate 
Right 
ROR 
66 
6 
2 
76 
6 
3 
I 
I 
-- 
RORA 
46 
2 
1 tJ-l I II II II ~ 
RORB 
56 
2 
1 
oJ 
"" 


Subtract Acmltr 
SBA 
10 
2 
1 A - B-A 


Subtract 
with 
SBCA 
B2 
2 
2 
!lZ 
2 
A2 
4 
2 
B2 
4 
3 
A - M - C-A 


Carry 
SBCB 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
B - M - C-B 


Store 
Acmltrs 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A-M 
R • 
STAB 
07 
3 
2 
E7 
4 
2 
F7 
4 
3 
B-M 
R • 
STD 
DO 
4 
2 
ED 
5 
2 
FO 
5 
3 
D -M:M 
+ 1 
R • 
Subtract 
SUBA 
BO 
2 
2 
90 
3 
2 
AD 
4 
2 
BO 
4 
3 
A- 
M-A 
I , I 


SllBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B - M-B 
I 


Subtract 
Double 
SUBO 
83 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
0- 
M:M 
+ 1-0 
t 
I 
Transfer 
Acmltr 
TAB 
1" 


" 
1 A-B 
R • 
TBA 
17 
2 
1 B-A 
R • 
Test, Zero or 
TST 
60 
6 
2 
70 
6 
3 
M - 00 
R 
R 


Minus 
TSTA 
40 
2 
1 A - 00 
R 
R 


TSTB 
50 
2 
1 B - 00 
I 
R 
R 
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Condition Code Reg. 


Direct 
R_ 
Indox 
Extend 
Inherent 
5 
4 
3 
2 
1 
0 
Opomions 
MNEM Op - , Op - , Op- , Op- , Op - , 
BnmchT •• 
H 
I 
N 
2 
V 
C 


Branch 
Always 
BRA 
20 
3 
2 
None 
· · · · · · 
Branch Never 
BRN 
21 
3 
2 
None 
· · · · · · 
Branch 
If Carry 
Clear 
BCC 
24 
3 
2 
C-O 
· · · · · · 
Branch 
If Carry 
Set 
BCS 
25 
3 
2 
C~1 
· · · · · · 
Branch 
If - Zero 
BEG 
27 
3 
2 
2=1 
· · · · · · 
Branch 
If O!=Zero 
BGE 
2C 
3 
2 
N $ 
v-o 
· · · · · · 
Branch If >Zero 
BGT 
2E 
3 
2 
Z+IN$VI=O 
· · · · · · 
Branch 
It Higher 
BHI 
22 
3 
2 
C+Z=O 
· · · · · · 
Branch 
If Higher 
or Same 
BHS 
24 
3 
2 
c=o 
· · · · · · 


Branch 
If $Zero 
BlE 
2F 
3 
2 
Z+IN$V)=l 
· · · · · · 
Branch 
If Carry 
Set 
BlO 
25 
3 
2 
C-l 
· · · · · · 
Branch If lower Or Same 
BlS 
23 
3 
2 
C+Z=1 
· · · · · · 
Branch If <Zero 
BlT 
20 
3 
2 
N$V=1 
· · · · · · 
Branch 
If Minus 
BMI 
2B 
3 
2 
N-l 
· · · · · · 
Branch 
If Not 
Equal 
Zero 
BNE 
26 
3 
2 
z=o 
· · · · · · 
Branch 
If Overflow 
Clear 
BVC 
2B 
3 
2 
v=o 
· · · · · · 
Branch 
If Overflow 
Set 
BVS 
2B 
3 
2 
V=1 
· · · · · · 
Branch 
If Plus 
BPl 
2A 
3 
2 
N=O 
· · · · · · 
Branch 
To 
Subroutine 
BSR 
80 
6 
2 
· · · · · · 
Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
See Special Operations-Figure 24 • · · · · · 


Jump 
To 
Subroutine 
JSR 
90 
5 
2 
AD 6 
2 
BO 6 
3 
· · · · · · 
No Operation 
NOP 
01 
2 
1 
· · · · · · 
Return 
From 
Interrupt 
AT) 
3B 10 
1 
II I I I I I 


Return 
From 
Subroutine 
ATS 
39 
5 
1 
See SpecIal Operatlons-Flgure 24 • · · · · · 


Software 
Interrupt 
SWI 
3F 
12 
1 
· 


S · · · · 
Wall 
For Interrupt 
WAI 
3E 
9 
1 
· · · · · · 


Condition 
Code 
Register 


Inherent 
5 
4 
3 
2 
1 
0 
Operations 
MNEM 
Op - , 
Boolean 
Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
CLC 
OC 
2 
1 
O-C 
· · · · · 
A 


Clear Interrupt 
Mask 
CLI 
OE 
2 
1 
0-1 
· 
R · · · · 
Clear Overflow 
CLV 
OA 
2 
1 
O-V 
· · · · 
A · 
Set Carry 
SEC 
00 
2 
1 
1-C 
· · · · · 


S 


Set Interrupt 
Mask 
SEI 
OF 
2 
1 
1-1 
· 


S · · · · 
Set Overflow 
SEV 
OB 
2 
1 
1-V 
· · · · 
S · 
Accumulator 
A 
CCR 
TAP 
DE 
2 
1 
A-CCR 
I 
I 
I 
I 
I 
I 


CCR - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR-A 
· · · · · · 


LEGEND 


Op 
Operation 
Code {Hexadecimal} 


Number 
of MPU 
Cycles 


MSp 
Contents 
of memory 
location pointed 
to by Stack Pointer 
, 
Number 
of Program 
Bytes 
+ 
Arithmetic 
Plus 
Arithmetic 
Minus 


• 
Boolean 
AND 


X 
Arithmetic 
Multiply 
+ 
Boolean 
Inclusive 
OR 


• 
Boolean 
Exclusive 
OR 
M 
Complement 
of M 


Transfer 
Into 
o 
Bit=Zero 


00 
Byte = Zero 


CONDITION 
CODE SYMBOLS 


H 
Half·carry 
from 
bit 3 


I 
Interrupt 
mask 


N 
Negative 
Isign 
bitl 
Z 
Zero 
(byte) 
V 
Overflow, 
2'5 complement 
C 
Carry/Borrow 
from 
MSB 


R 
Reset Always 


S 
Set Always 
I 
Affected 
• 
Not Affected 


• 
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ADDRESSING 
MODE 
; 
'" 
c 
•. 
'6 
•. 
'" 
•. 
'U 
'" 
•. 
f 
> 
c:: 
" 


';: 
E 
f 
! 
•. 
•. 
.!! 
E 
'" 


.t: 
•. 
0 
" 
.E 
.E 
w 
lC 


ABA 
• 
• 
• 
• 
2 
• 
ABX 
• 
• 
• 
• 
3 
• 
ADC 
2 
3 
4 
4 
• 
• 
ADD 
2 
3 
4 
4 
• 
• 
AD DO 
4 
5 
6 
6 
• 
• 
AND 
2 
3 
4 
4 
• 
• 
ASL 
• 
• 
6 
6 
2 
• 
ASLD 
• 
• 
• 
• 
3 
• 
ASR 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 


BCS 
• 
• 
• 
• 
• 
3 


BEG 
• 
• 
• 
• 
• 
3 


BGE 
• 
• 
• 
• 
• 
3 


BGT 
• 
• 
• 
• 
• 
3 


BHI 
• 
• 
• 
• 
• 
3 


BHS 
• 
• 
• 
• 
• 
3 


BIT 
2 
3 
4 
4 
• 
• 
BLE 
• 
• 
• 
3 


BLO 
• 
• 
• 
3 


BLS 
• 
• 
• 
3 


BLT 
• 
3 


BMI 
• 
3 


BNE 
• 
3 


BPL 
• 
3 


BRA 
• 
3 


BRN 
• 
3 


BSR 
• 
6 


BVC 
• 
3 


BVS 
• 
3 
CBA 
2 


CLC 
2 
CLI 
2 
ClR 
6 
6 
2 


CLV 
• 
• 
2 
CMP 
2 
3 
4 
4 
• 
COM 
• 
• 
6 
6 
2 
CPX 
4 
5 
6 
6 
• 
DAA 
• 
• 
• 
• 
2 


DEC 
• 
• 
6 
6 
2 


DES 
• 
• 
• 
• 
3 


DEX 
• 
• 
• 
• 
3 


EOR 
2 
3 
4 
4 
• 
INC 
• 
• 
6 
6 
• 
INS 
• 
• 
• 
• 
3 


ADDRESSING 
MODE 


! 
'" 
.. 
•. 
'" 
c 
•. 
'6 
t; 
'" 
•. 
f 
.~ 
•. 
c:: 
" 
E 
f 
! 
•. 
•. 
.!! 
E 
0 
" 
'" 


.t: 
•. 
w 
.E 
.E 
lC 


INX 
• 
• 
• 
• 
3 
• 
JMP 
• 
• 
3 
3 
• 
• 
JSR 
• 
5 
6 
6 
• 
• 
LOA 
2 
3 
4 
4 
• 
• 
LDD 
3 
4 
5 
5 
• 
• 
LOS 
3 
4 
5 
5 
• 
• 
LOX 
3 
4 
5 
5 
• 
• 
LSL 
• 
• 
6 
6 
2 
• 
lSLD 
• 
• 
• 
• 
3 
• 
lSR 
• 
• 
6 
6 
2 
• 
lSRD 
• 
• 
• 
• 
3 
• 
MUl 
• 
• 
• 
• 
10 
• 
NEG 
• 
• 
6 
6 
2 


NOP 
• 
• 
• 
• 
2 
ORA 
2 
3 
4 
4 
• 
PSH 
• 
• 
• 
• 
3 
PSHX 
• 
• 
• 
• 
4 
PUL 
• 
• 
• 
• 
4 


PULX 
• 
• 
• 
• 
5 
ROL 
• 
• 
6 
6 
2 


ROR 
• 
• 
6 
6 
2 
RTI 
• 
• 
• 
• 
10 
RTS 
• 
• 
• 
• 
5 
SBA 
• 
• 
• 
• 
2 
SBC 
2 
3 
4 
4 
• 
SEC 
• 
• 
• 
• 
2 
SEI 
• 
• 
• 
• 
2 
• 
SEV 
• 
• 
• 
• 
2 
STA 
• 
3 
4 
4 
• 
STD 
• 
4 
5 
5 
• 
STS 
• 
4 
5 
5 
• 
STX 
• 
4 
5 
5 
• 
SUB 
2 
3 
4 
4 
• 
SUBD 
4 
5 
6 
6 
• 
SWI 
• 
• 
• 
• 
12 


TAB 
• 
• 
• 
• 
2 
TAP 
• 
• 
• 
• 
2 
TBA 
• 
• 
• 
• 
2 
TPA 
• 
• 
• 
• 
2 
TST 
• 
• 
6 
6 
2 


TSX 
• 
• 
• 
• 
3 
TXS 
• 
• 
• 
• 
3 
WAI 
• 
• 
• 
• 
s 
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Table 14 provides a detailed description 
of the information 
present on the Address 
Bus, Data Bus, and the Read/Write 
{R/Wl 
line during 
each cycle of each instruction. 
The information 
is useful 
in comparing 
actual 
with 
ex- 
pected results during debug of both software 
and hardware 
as the program is executed. 
The information 
is categorized 
in 
groups according 
to addressing 
mode and number of cycles 


per instruction. 
In general, 
instructions 
with 
the same ad- 
dressing 
mode and number 
of cycles execute 
in the same 
manner. 
Exceptions 
are indicated 
in the table. 


Note 
that 
during 
MPU 
reads of 
internal 
locations, 
the 
resultant 
value will not appear on the external 
Data Bus ex- 


cept in Mode O. "High 
order" 
byte refers to the most signifi- 


cant byte of a 16-bit value. 


Address 
Mode and 


Instructions 


IMMEDIATE 
ADC 
EOR 
2 
1 
Opcode Address 
1 
Opcode 
ADD 
LOA 
2 
Opcode Address+ 1 
1 
Operand Data 
AND 
ORA 


BIT 
SBC 
CMP 
SUB 
LOS 
3 
1 
Opcode Address 
1 
Opcode 


LOX 
2 
Opcode Address+ 1 
1 
Operand Data (High Order Byte) 
LDD 
3 
Opcode Address+ 2 
1 
Operand Data (Low Order Bytel 


CPX 
4 
1 
Opcode 
Address 
1 
Upcode 
SUBD 
2 
Opcode Address+ 1 
1 
Operand Data (High Order Byte) 
ADDD 
3 
Opcode Address+ 2 
1 
Operand Data (Low Order Bytel 
4 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EOR 
3 
1 
Opcode Address 
, 
Opcode 
ADD 
LOA 
2 
Opcode Address+ 1 
1 
Address of Operand 
AND 
ORA 
3 
Address of Operand 
, 
Operand Data 


BIT 
SBC 
CMP 
SUB 
STA 
3 
1 
Opcode Address 
1 
Opcode 
2 
Opcode Address+ 1 
1 
Destination 
Address 
3 
Destination 
Address 
0 
Data from Accumulator 


LOS 
4 
1 
Opcode Address 
1 
Opcode 


LOX 
2 
Opcode Address+ 1 
, 
Address of Operand 


LDD 
3 
Address of Operand 
1 
Operand Data (High Order Bytel 
4 
Operand Address+ , 
, 
Operand Data (Low Order Bytel 


STS 
4 
1 
Opcode Address 
, 
Opcode 
STX 
2 
Opcode Address+ 1 
1 
Address of Operand 
STD 
3 
Address of Operand 
0 
Register Data (High Order Byte) 
4 
Address of Operand+ 1 
0 
Register Data (Low Order Byte) 


CPX 
5 
1 
Opcode Address 
, 
Opcode 
SUBD 
2 
Opcode Address+ , 
1 
Address of Operand 
ADDO 
3 
Operand Address 
1 
Operand Data (High Order Byte) 
4 
Operand Address+ 1 
1 
Operand Data (Low Order Byte) 


5 
Address Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
5 
1 
Opcode Address 
1 
Opcode 
2 
Opcode Address+ 1 
1 
Irrelevant 
Data 
3 
Subroutine 
Address 
1 
First Subroutine 
Opcode 
4 
S tack 
Pointer 
0 
Return Address (Low Order Byte) 
5 
Stack Pointer-l 
0 
Return Address (High Order Byte) 
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II 


Add.- 
Mode end 
Inwuctions 


EXTENDED 


JMP 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Jump 
Address 
(High 
Order 
Byte) 
3 
Opcode 
Address + 2 
1 
Jump 
Address 
(Low 
Order 
By tel 


ADC 
EOA 
4 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 


AND 
ORA 
3 
Opcode 
Address + 2 
1 
Address 
of Operand 
I Low 
Order 
Byte) 


BIT 
SBC 
4 
Address 
of Operand 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Destination 
Address (High Order Byte) 
3 
Opcode 
Address + 2 
1 
Destination 
Address (Low Order Byte) 


4 
Operand 
Destination 
Address 
0 
Data from Accumulator 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 
LOX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 
(High 
Order 
Byte) 


LDD 
3 
Opcode 
Address + 2 
1 
Address 
of Operand 
(Low 
Order 
By tel 


4 
Address 
of Operand 
1 
Operand 
Data (High 
Order 
Byte) 
5 
Address 
of Operand + 1 
1 
Operand 
Data 
I Low 
Order 
Byte) 


STS 
5 
1 
Opcode 
Address 
1 
Opcode 
STX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 
(High 
Order 
By tel 


STD 
3 
Opcode 
Address + 2 
1 
Address 
of Operand 
(Low 
Order 
By tel 
4 
Address 
of Operand 
0 
Operand 
Data 
(High 
Order 
Byte) 
5 
Address 
of Operand + 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSA 
6 
1 
Opcode 
Address 
1 
Opcode 
ASA 
NEG 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 
(High 
Order 
Byte) 


CLR 
AOL 
3 
Opcode 
Address + 2 
1 
Address 
of Operand 
I Low 
Order 
Byte) 


COM 
AOA 
4 
Address 
of Operand 
1 
Current 
Operand 
Data 


DEC 
TST' 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
INC 
6 
Address 
of Operand 
0 
New 
Operand 
Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 
SUBD 
2 
Opcode 
Address + 1 
1 
Operand 
Address 
(High 
Order 
Byte) 
AD DO 
3 
Opcode 
Address + 2 
1 
Operand 
Address 
{Low 
Order 
By tel 
4 
Operand 
Address 
1 
Operand 
Data 
(High 
Order 
By tel 
5 
Operand 
Address + 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSA 
6 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address + 1 
1 
Address 
of Subroutine 
{High 
Order 
By tel 
3 
Opcode 
Address + 2 
1 
Address 
of Subroutine 
(Low 
Order 
By tel 
4 
Subroutine 
Starting 
Address 
1 
Opcode of Next Instruction 


5 
Stack Pointer 
0 
Return 
Address 
{Low 
Order 
By tel 
6 
Stack Pointer - 1 
0 
Aeturn 
Address 
(High 
Order 
By tel 
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~ 
~ 
~~ 
A_dd_••••• 
__ 
B_u_. 
~~ 
D_._t8_B_u_. 
_ 
A~Mode.nd 
l.-uctions 


INDEXED 


JMP 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


ADC 
EOR 
4 
1 
Dpcode 
Address 
1 
Opcode 
ADD 
LOA 
2 
Opcode 
Address 
+ 1 
1 
Offset 
AND 
ORA 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 
BIT 
SBC 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 
4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 
LOX 
2 
Opcode 
Address 
+ 1 
1 
Offset 
LDD 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data (High 
Order 
Byte) 


5 
Index 
Register 
Plus Offset + 1 
1 
Operand 
Data (Low 
Order 
Byte) 


STS 
5 
1 
Opcode 
Address 
1 
Opcode 
STX 
2 
Opcode 
Address 
+ 1 
1 
Offset 
STD 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 
4 
Index 
Register 
Plus Offset 
0 
Operand 
Data (High 
Order 
Byte) 


5 
Index 
Register 
Plus Offset + 1 
0 
Operand 
Data (Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Opcode 
Address 
1 
Opcode 


ASR 
NEG 
2 
Opcode 
Address 
+ 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


COM 
ROR 
4 
Index 
Register 
Plus Offset 
1 
Current Operand 
Data 


DEC 
TST· 
5 
Address 
Bus FFFF 
1 
Low Byte of Restaft Vector 


INC 
6 
Index 
Register 
Plus Offset 
0 
New Operand 
Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 


SUBD 
2 
Opcode 
Address 
+ 1 
1 
Offset 
ADDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index 
Register + Offset 
1 
Operand 
Data (High 
Order 
Byte) 


5 
Index 
Register + Offset+ 
1 
1 
Operand 
Data 
(Low 
Order 
Byte) 
6 
Address 
Bus FFFF 
Low Byte of Restart Vector 


JSR 
6 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index 
Register + Offset 
1 
First Subroutine 
Opcode 
5 
Stack Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


6 
Stack Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 
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Add ••• 
Mode 
Ind 
Instruetionl 


INHERENT 


ABA 
DAA 
SEC 
2 
1 
Opcode 
Address 
1 
Opcode 
ASL 
DEC 
SEI 
2 
Opcode 
Address + 1 
1 
Opcode 
of Next Instruction 


ASA 
INC 
SEV 
CBA 
LSA 
TAB 
CLC 
NEG 
TAP 
CLI 
NOP 
TBA 
CLA 
AOL 
TPA 
CLV 
ADA 
TST 
COM 
SBA 


ABX 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
, 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
, 
Low 
Byte 
of Aestart 
Vector 


ASLD 
3 
1 
Opcode 
Address 
, 
Opcode 
LSAD 
2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


DES 
3 
1 
Opcode 
Address 
1 
Opcode 
INS 
2 
Opcode 
Address + 1 
1 
Gpeode of Next Instruction 


3 
Previous Stack Pointer Contents 
, 
Irrelevant 
Data 


INX 
3 
1 
Dpcode 
Address 
1 
Opcode 
DEX 
2 
Opcode 
Address + 1 
1 
Gpeode 
of Next Instruction 


3 
Address 
Bus FFFF 
1 
Low 
Byte of Aestart 
Vector 


PSHA 
3 
1 
Opcode 
Address 
1 
Opcode 
PSHB 
2 
Opcode 
Address + 1 
, 
Gpeode of Next 
Instruction 


3 
Stack Pointer 
0 
Accumulator 
Data 


TSX 
3 
, 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Gpeode 
of Next Instruction 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Gpeode 
of Next 
Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PULA 
4 
1 
Opcode 
Address 
1 
Opcode 
PULB 
2 
Opcode 
Address + 1 
1 
Gpeode 
of Next Instruction 
3 
Stack Pointer 
1 
Irrelevant 
Data 
4 
Stack Pointer + 1 
1 
Operand 
Data 
from 
Stack 


PSHX 
4 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Stack Pointer 
0 
Index 
Aegister 
(Low 
Order 
By tel 
4 
Stack 
Pointer-l 
0 
Index 
Aegister 
(High 
Order 
By tel 


PULX 
5 
, 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 
3 
Stack Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer + 1 
1 
Index 
Aegister 
tHigh 
Order 
By tel 
5 
Stack Pointer+2 
1 
Index 
Aegister 
(Low 
Order 
Byte) 


ATS 
5 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Stack Pointer 
1 
Irrelevant 
Data 
4 
Stack Pointer + 1 
1 
Address 
of Next 
Instruction 
(High 
Order 
By tel 
5 
Stack 
Pointer + 2 
1 
Address 
of Next 
Instruction 
(Low 
Order 
Byte) 


WAI 
9 
1 
Dpcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Opcode 
of Next Instruction 
3 
Stack Pointer 
0 
Aeturn 
Address 
(Low 
Order 
Byte) 
4 
Stack Pointer-' 
0 
Aeturn 
Address 
(High 
Order 
By tel 
5 
Stack 
Pointer-2 
0 
Index 
Aegister 
(Low 
Order 
By tel 


6 
Stack 
Pointer-3 
0 
Index 
Aegister 
(High 
Order 
By tel 
7 
Stack 
Pointer-4 
0 
Contents 
of Accumulator 
A 
B 
Stack 
Pointer-5 
0 
Contents 
of Accumulator 
B 
9 
Stack 
Pointer-6 
0 
Contents 
of Cpndition 
Code 
Aeaister 
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Address 
Mode 
and 
Instructions 


INHERENT 


MUL 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ , 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 
5 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 
6 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
7 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


8 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
9 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


10 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


RTI 
10 
1 
Opcoda 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer 
+ 1 
1 
Contents 
of Condition 
Code 
Register 
from 
Stack 


5 
Stack. Pointer + 2 
1 
Contents 
of Accumulator 
B from 
Stack 
6 
Stack 
Pointer+ 
3 
1 
Contents 
of Accumulator 
A from 
Stack 


7 
Stack 
Pointer + 4 
1 
Index 
Register 
from 
Stack 
(High 
Order 
Byte) 


B 
Stack Pointer+ 5 
1 
Index Register from 
Stack (Low Order Byte) 


9 
Stack Pointer+ 6 
1 
Next 
Instruction 
Address 
from 
Stack. (High 
Order 
Byte) 


10 
Stack 
Pointer + 7 
1 
Next Instruction 
Address 
from 
Stack (Low 
Order Byte) 


SWI 
12 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


4 
Stack 
Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 
5 
Stack Pointer - 2 
0 
Index Register (Low 
Order Byte) 


6 
Stack 
Pointer-3 
0 
Index Register (High Order Byte) 
7 
Stack Pointer - 4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
Pointer-5 
0 
Contents 
of Accumulator 
8 
9 
Stack Pointer - 6 
0 
Contentz 
of Condition 
Code RegIster 


10 
Stack Pointer - 7 
1 
Irrelevant 
Data 


11 
Vector 
Address 
FFFA 
tHex) 
1 
Address 
of Subroutine 
(High Order Byte) 


12 
Vector 
Address 
FFFB (Hexl 
1 
Address 
of Subroutine 
(Low Order Byte) 


BCC BHT BNE 
BlO 
3 
, 
Op Code Address 
, 
Op Code 


BCS 
BlE 
BPl 
BHS 
2 
Op Code Address 
+ 1 
, 
Branch 
Offset 


BEG 
BLS BRA 
BRN 
3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


8GE 
8LT 
8VC 


BGT 
BMT 
BVS 


BSR 
6 
1 
Op Code 
Address 
1 
Op Code 


2 
Op Code Address 
+ 1 
1 
Branch 
Offset 
3 
Address 
8us 
FFFF 
, 
Low Byte of Restart 
Vector 
4 
SubroutIne 
Starting 
Address 
1 
Op Code of Next Instruction 
5 
Stack 
POinter 
0 
Return 
Address 
(Low Order 
Byte) 


6 
Stack 
POinter 
-1 
0 
Return 
Address/HIgh 
Order Byte) 
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JSA. 
Jump 
to Subroutine 
I 


eJ: 
Mam 
Program 


S9D: JSA 


Direct 
K 


ATN 
Next 
Main 
Instr 


K = Direct Address 


Main 
Program 
g> 
Stack 


I 


~ 
SAD: JSA 
- 


SP- 
2 


INDXD 
K = Offset 
e) 


SP- 
1rn 
ATN 
Next 
Main 
Instr. 
SP 
ATNL 


I 


Main 
Program 
~ 
S8D:JSA 


SH::: Subr. Addr 
EXTND 


SL = Subr. Addr. 


ATN 
Next Main Inst. 


Main Program 


S8D: 
8SA 


± K = Offset 


Subroutine 


=S39:=ATS 
I ¢ 


~ 
Stack 


SP-2rn 


SP-l 
ATNH 


SP 
ATNL 


:il' 
Stack 


SPrn 


SP+ 1 
ATNH 


SP+ 2 
ATNL 


Legend: 


RTN = Address 
01 OeK! lnstrucllon 
In Main 
Program 
to be executed 
upon 
return 
from 
subroutine 
ATNH = Most significant byte of Return Address 
RTNl"" 
Least significant byte of Return Address 


- 
= Stack Pointer After Execution 


K = 8-blt Unsigned Value 


SWI. 
Soltware 
Interrupt 
SP 


Main Program 


~ 
S3F: 
SWI Ie)- 


SP-7 


ATN 
SP-6 


SP-5 


SP-4 


SP-3 


WAI, 
Wall 
tor Interrupt 
Main Program 
SP- 
2 


eJ: 
Ie) 


S3E:WAI 
SP-l 


ATN 
SP 


ATI. Return 
from 
Interrupt 
Interrupt 
Program 
g> 


~ 
I 


S38: 
ATI Ie) 


SP 


SP+ 
1 


SP+2 


SP+3 


SP+4 


SP+5 


SP+6 


-+ 
SP+ 7 


I 
~ 


X+K 


Condition Code 


AcmltrB 


AcmltrA 


Index 
AegisterlXHl 


Index Register IXL) 


ATNH 


ATNL 


Condition Code 


AcmltrB 


AcmltrA 


Index Register IXH) 


Index Register (Xl) 


ATNH 


ATNL 


Main Program 


S7E: JMP 


KH = Next Address 


Kl= Next Address 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 


NAM 
EPROM 
OPT 
ZOl,LLEN-80 
TTL 
*** 
ROUTINE 
TO PROGRAM 
THE MC68701 
EPROM ** 


********************************************************* 
** 
E PRO 
M -- A 
NON-REENTRANT 
ROUTINE 
TO 
PROGRAM 
* 
THE MC68701 
EPROM. 
* 
* 
THE ROUTINE 
PROGRAMS 
THE MC68701 
EPROM 
STARTING 
AT 
ADDRESS 
"PNTR" 
FROM 
A 
BLOCK 
OF MEMORY 
STARTING 
AT 
"IMBEG" 
AND 
ENDING 
AT "IMEND". 
• 


* 
* 
** 
NOTES: 
* 
* 
THE ROUTINE 
EXPECTS 
FOUR DOUBLE 
BYTE 
VALUES 
TO 
BE INITIALIZED 
PRIOR 
TO 
BEING 
CALLED. 
THESE 
VALUES 
ARE: 


A DOUBLE 
BYTE ADDRESS 
WHICH 
POINTS 
TO THE 
FIRST 
BYTE TO 
BE 
PROGRAMMED 
INTO 
THE EPROM. 


A DOUBLE 
BYTE ADDRESS 
WHICH 
POINTS 


TO THE LAST 
BYTE TO BE PROGRAMED 
IN- 
INTO THE EPROM. 


A DOUBLE 
BYTE ADDRESS 
WHICH 
POINTS 
TO THE FIRST 
BYTE IN THE EPROM 
TO BE 
PROGRAMMED. 


A DOUBLE 
BYTE COUNTER 
VALUE 
WHICH 
IS 
A FUNCTION 
OF THE MCU 
INPUT 
FREQUEN- 
CY AND 
IS USED WITH 
THE OUTPUT 
COM- 
PARE 
FUNCTION 
TO 
GENERATE 
A 50 MSEC 
TIMEOUT. 
IT IS EQUIVALENT 
TO 


30615 
($7797) 
50000 
($C350) 
61375 
($EFBF) 


2.45 MHZ 
4.00 MHZ 
4.91 MHZ 


Routine parameter 
Initialization, 
such as stack pomter, 
etc., 
must be done prior to entry. 


(Use of PRObug 
will ensure all needed InitializatIon.) 
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DE 84 
3C 
DE 80 


0008 
0009 
OOOB 
0014 


A TCSR 
A TIMER 
A OUTCMP 
A EPMCNT 


ORG 
LDX 
PSHX 
LDX 


PSHX 
LDAA 
STAA 
LDAA 
LDX 
STAA 
INX 
STX 
LDAA 
STAA 


0002 
0002 
0002 
0002 


A IHREG 
A IMEND 
A PNTR 
A WAIT 


95 08 
A EPR004 
27 FC 3022 
38 
08 
9C 82 
23 
D9 
86 FF 
97 
14 
38 
DF 84 
39 


II$FE 
EPMCNT 


X 
PNTR 
X 


PNTR 
II$FC 
EPMCNT 


LDD 
ADDD 
CLR 
STD 
LDAA 


WAIT 
TIMER 
TCSR 
OUTCMP 
#$40 


TIMER 
CONTROL/STAT 
REGISTER 
COUNTER 
REGISTER 
OUTPUT 
COMPARE 
REGISTER 
RAM/EPROM 
CONTROL 
REGISTER 


START 
OF MEMORY 
BLOCK 
LAST 
BYTE 
OF MEMORY 
BLOCK 
FIRST 
BYTE 
OF EPROM 
TO BE 
COUNTER 
VALUE 


00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070A 
0080 
00071A 
0080 
00072A 
0082 
00073A 
0084 
00074A 
0086 
00075 
00076 
00077 
00078A 
3000 
00079A 
3000 
00080A 
3002 
00081A 
3003 
00082 
00083A 
3005 
3C 
00084A 
3006 
86 FE 
00085A 
3008 
97 
14 
00086A 
300A 
A6 00 
00087A 
300C 
DE 
84 
00088A 
300E 
A7 00 
00089A 
3010 
08 
00090A 
3011 
DF 84 
00091A 
3013 
86 FC 
00092A 
3015 
97 
14 
00093 
00094 
00095 
00096A 
3017 
DC 86 
00097A 
3019 
D3 09 
00098A 
301B 
7F 0008 
00099A 
301E 
DD OB 
00100A 
3020 
86 40 
00101 
00102A 
3022 
00103A 
3024 
00104A 
3026 
00105A 
3027 
00106A 
3028 
00107A 
302A 
00108A 
302C 
00109A 
302E 
OOllOA 
3030 
00111A 
3031 
001l2A 
3033 
00113 
TOTAL 
ERRORS 
00000--00000 


BITA 
BEQ 
PULX 
INX 
CPX 
BLS 
LDAA 
STAA 
PULX 
STX 
RTS 
END 


IMEND 
EPR002 
I1$FF 
EPMCNT 


SAVE 
CALLING 
ARGUMENT 
RESTORE 
WHEN 
DONE 
USE 
STACK 


SAVE 
POINTER 
ON 
STACK 
REMOVE 
VPP, 
SET 
LATCH 
PPC-l, 
PLCcO 
MOVE 
DATA 
MEMORY-TO-LATCH 
GET 
WHERE 
TO PUT 
IT 
STASH 
AND 
LATCH 
NEXT 
ADDR 
ALL 
SET 
FOR NEXT 
ENABLE 
EPROM 
POWER 
(VPP) 
PPC=O, 
PLC=O 


GET 
CYCLE 
COUNTER 
BUMP 
CURRENT 
VALUE 
CLEAR 
OCF 
SET OUTPUT 
COMPARE 
NOW WAIT 
FOR OCF 


NOT 
YET 
SETUP 
FOR NEXT 
ONE 
NEXT 
MAYBE 
DONE 
NOT YET 
REMOVE 
VPP, 
INHI8IT 
LATCH 
EPROM 
CAN 
NOW 
BE READ 
RESTORE 
PNTR 


A 
3005 
A 
A 
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The following 
table 
provides 
generic 
information 
pertaining 
to the package 
type and temperature 
for the MC68701. 


The 
MCU 
device 
is available 
only 
in the 40-pin 
dual-in-Iine 
(DIP) package 
in the Cerdip 
and Plastic 
packages. 


Frequency 
Temperature 
Cerdip Package 
Ceramic Package 
(MHz) 
(Degrees C) 
(S Suffix) 
(L Suffix) 


1.0 
o to 70 
MC68701S 
MC68701L 
1.0 
-40 
to +85 
MC68701CS 
MC68701CL 
1.25 
o to 70 
MC68701S-1 
MC68701L-l 
1.25 
-40 
to +85 
MC68701CS-1 
MC68701CL-1 
2.0 
o to 70 
MC68B701S 
MC68B701L 


vss 


39 
SCl 


38 
SC2 


NMI 
4 
37 
P30 


IRal 
5 
36 
P31 


RESETIVpp 
6 
35 
P32 
vcc 
7 
34 
P33 


33 
P34 


P21 
32 
P35 


P22 
31 
P36 


P23 
II 
30 
P37 


P24 
29 
P40 


Pl0 
28 
P41 


P11 
27 
P42 


P12 
26 
P43 


P13 
25 
P44 


Pl.4 
P45 


P15 
18 
P46 


P16 
19 
P47 


P17 
20 
vCC 
Standby 


I 
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MOTOROLA 
- 
SEMICONDUCTOR 
TeCHNICAL 
DATA 


Advance Information 
8-Bit EPROM Microcontroller/Microprocessor 
(MCU/MPU) 
I 


The MC68701U4 
is an 8-bit single-chip 
EPROM microcontroller 
unit (MCU) which 
enhances 
the 
capabilities 
of the MC6801 and significantly 
enhances 
the capabilities 
of the M6800 Family 
of parts. 


It includes 
an MC6801 microprocessor 
unit (MPU) with 
direct 
object-code 
compatibility 
and upward 
object-code 
compatibility 
with 
the MC6800. Execution 
times 
of key instructions 
have been improved 
over the MC6800 and the new instructions 
found 
on the MC6801 are included. 
The MCU can func- 
tion as a monolithic 
microcontroller 
or can be expanded 
to a 64K byte address 
space. It is TIL 
compatible 
and requires 
one + 5-volt 
power 
supply 
for nonprogramming 
operation. 
An additional 
Vpp power 
supply 
is needed for EPROM programming. 
On-chip 
resources 
include 
4096 bytes of 
EPROM, 192 bytes of RAM, a serial communications 
interface 
(SCII. parallel 
I/O, and a 16-bit six- 
function 
programmable 
timer. 


• 
Enhanced 
MC6800 Instruction 
Set 


• 
Upward 
Source 
and Object Code Compatibility 
with 
the MC6800, MC6801, and MC6801U4 


• 
Bus Compatibility 
with the M6800 Family 


• 
8 x 8 Multiply 
Instruction 


• 
Single-Chip 
or Expanded 
Operation 
of 64K Byte Address 
Space 


• 
Internal 
Clock Generator 
with 
Divide-by-Four 
Output 


• 
Serial Communications 
Interface 
(SCI) 


• 
16-Bit Six-Function 
Programmable 
Timer 


• 
Three Output 
Compare 
Functions 


• 
Two Input Capture 
Functions 


• 
Counter 
Alternate 
Address 


• 
4096 Bytes of Use EPROM 


• 
192 Bytes of RAM 


• 
32 Bytes of RAM Retainable 
During 
Power 
Down 


• 
29 Parallel 
I/O and Two Handshake 
Control 
lines 


• 
NMI Inhibited 
Until 
Stack Load 
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BLOCK DIAGRAM 


l>. 
l>.> 
~ I~ 
U(FJ<i.~ 
_ 
•....~ 
UUH ....X 
~ow 
»xwwlzl~a:: 


Expanded 
Multiplexed 
MPU 
rr= 


Expanded 
Non-Multiplexed 


Single 
Chip 


P37 
All 
07 
07 
I/O 
P20 
TlNl 
I/O 


P36 
A6/D6 
06 
I/O 
P21 
TOUTl 
I/O 


3: 
P35 
A5/o5 
05 
I/O 
Mux 
Port 
P22 
SCLK 
I/O 
2 
0 
P34 
A4/o4 
04 
I/O 
P23 
AoATA 
I/O 
-l 
P33 
A3/o3 
03 
I/O 
Port 
P24 
TDATA 
I/O 
0 
::a 
P32 
A2/o2 
02 
I/O 
3 
IAQl 
0 
P3l 
Al/ol 
01 
I/O 
S; 
P30 
AO/oO 
DO 
I/O 


3: 
SC2 
A/Vi 
A/Vi 
0S3 
SCI 
s: 
('; 
SCl 
AS 
iDS 
153 
0 
01 
Co) 
::a 
00 
~ 
0 
I~ 


.•...• 


"'0 
0 
Ul 
::a 
..• 
0 
C 
(') 
ol:Oo 


m 
en 
Timer 
en0 
::a 
0» 
P47 
A15 
A7 
I/O 
PlO 
TlN2 
I/O 


~ 
P46 
A14 
A6 
I/O 
Pll 
TOUT2 
I/O 
P45 
A13 
A5 
I/O 
P12 
TOUTJ 
I/O 
P44 
A12 
A4 
I/O 
Port 
P13 
I/O 


P43 
All 
A3 
I/O 
1 
P14 
I/O 
P42 
A10 
A2 
!/O 
P15 
I/O 


P41 
A9 
Al 
I/O 
P16 
I/O 
P40 
A8 
AO 
I/O 
P17 
I/O 


l60x8 
4096 x 8 


AAM 
EPROM 


32x 8 


VCC 
Standby 
Standby 
RAM • 


I 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Tin 
-0.3 
to +7.0 
V 


Operating Temperature 
Range 
TA 
o to 70 
°c 


Storage Temperature 
Range 
Programmed 
T5tg 
-40 
to +85 
°c 
Unprogrammed 
-55 
to + 150 


This device 
contains 
circuitry 
to protect 
the 
inputs against damage due to high static 


voltages 
or electric 
fields; however, 
it is ad- 
vised 
that 
normal 
precautions 
be 
taken 
to 


avoid applications 
of any voltage 
higher than 


maximum 
rated 
voltages 
to 
this 
high- 


impedance 
circuit. 
For proper operation 
it is 


recommended 
that Vin and Vout 
be con- 
strained 
to 
the 
range 
GND:sIVin 
or 


Vout}:sVCc. 


Unused 
inputs 
must always 
be tied to an 
appropriate logic voltage level le.g .. either 
GND or VCCI. 


Characteristic 


Thermal Resistance Cerdip 


The average 
chip-junction 
temperature, 
TJ' in °c can be obtained 
from: 


TJ = TA + (PO 
0 0JA) 


where: 


TA 
°JA 


= Ambient 
Temperature, 
°c 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient, 
'CIW 


= PINT + PPORT 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Dissipation, 
Watts 
- 
User 
Determined 


For most applications 
PPORT<PINTand 
can be neglected. 
PPORT may become 
significant 
if the device 
is configured 
to drive 
Darlington 
bases 
or sink 
LED loads. 
An approximate 
relationship 
between 
Po and TJ (if PPORT is neglected) 
is: 


PO=K~(TJ+273'C) 
(2) 


Solving 
equations 
(1) and (2) for K gives: 


K = Po 
0 (TA + 273°C) + OJAoP02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. 
K can be determined 
from 
equation 
(3) by measuring 
Po (at 
equilibrium) 
for a known 
TA- Using 
this 
value 
of K, the values 
of Po and TJ can be obtained 
by solving 
equations 
(1) and (2) iteratively 
for any value 
of TA 


Characteristic 
Svmbol 
MC68701U4 MC68701U4-1 Unit 


Min 
Max 
Min 
Max 


Frequency 
of Operation 
fo 
05 
10 
0.5 
1 25 
MHz 


Crystal Frequency 
fXTAL 
2.0 
40 
2.0 
5.0 
MHz 


External Oscillator 
Frequency 
410 
20 
40 
20 
50 
MHz 


Crystal Oscillator 
Startup 
Time 
Irc 
- 
100 
- 
100 
ms 


Processor Control 
Setup 
Time 
Ipes 
200 
- 
170 
- 
ns 
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Characteristic 
Svmbol 
Min 
Tvn 
Max 
Unit 


Input 
High Voltage 
RESET 


VIH 


VSS +4.0 
- 
VCC 
V 
Other Inputs· 
VSS + 2.0 
- 
VCC 


Input 
Low Voltage 
REm 


VIL 


VSS-0.3 
- 
VSS + 0.4 
V 
Other Inputs' 
VSS-0.3 
- 
VSS+0.8 


Input Current 
Port 4 


lin 
- 
- 
0.5 
mA 
(Vin=Oto 
2.4 VI 
See Note 
SCl 
- 
- 
0.8 


Input Current 
lin 
- 
- 
25 
~A 
1Vin = 0 to 5.25 VI 
NMl,lRQl 


Input 
Current 
RESETlVpp 


IVin = 0 to 0.4 VI 
See Note 
lin 
- 
-2.0 
- 
mA 


IVin = 4.0 V to Vcc) 
- 
- 
80 


Hi-Z 
(Off Statel 
Input 
Current 


IVin = 0.5 to 2.4 VI 
P1Q..P17, P20-P24, 
P3O-P37 
ITSI 
- 
- 
10 
~A 


Output 
High 
Voltage 


VOH 
V 


Ilload= 
-65~A, 
Vcc=minl 
P40-P47, 
SC1, SC2 
VSS+2.4 
- 
- 


IIl0ad= 
- ,00~A, 
Vcc=min) 
Other Outputs 
VSS+2.4 
- 
- 


Output 
Low 
Voltage 


VOL 
- 
- 
VSS + 0.5 
V 


IIload=2.0mA, 
Vcc=minl 
All Outputs 


Darlington 
Drive Current 


IOH 
1.0 
- 
4.0 
mA 
(VO=1.5V) 
Pl0-P17 


Internal 
Power 
Dissipation 
(measured 
at T A = DOC in Steady-State 
Operation) 
PINT 
- 
- 
1200 
mW 


Input Capacitance 


IVin = 0, T A = 25'C, 
10= 1.0 MHz) 
P3O-P37, P40-P47, 
SCl 
Cin 
- 
- 
12.5 
pF 
Other Inputs 
- 
- 
100 


VCC Standby 
Power 
Down 
VS88 
4.0 
5.25 
V 
Power Up 
VS8 
4.75 
- 
5.25 


Standby 
Current 
Power 
Down 
I~RR 
- 
- 
3.0 
mA 


Programming 
Time 
IPer 8ytel 
ITA - 25'CI 
tpp 
25 
- 
50 
ms 


Programming 
Voltage 
IT A = 25'C) 
Vpp 
20.0 
21.0 
22.0 
V 


Programming 
Current 
IVRESET 
- Vppi 
IT A - 25'C) 
Ipp 
- 
30.0 
50.0 
mA 


• Except Mode 
Programming 
Levels; See Figure 16. 


NOTE: 
RESET/Vpp, 
VIL, 
and lin values 
differ 
from 
MC6801U4 
values. 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Peripheral 
Data 
Setup 
Time 
tpOSU 
200 
- 
- 
ns 


Peripheral 
O.::ttaHold Time 
tpDH 
200 
- 
- 
ns 


Delay Time, 
Enable Positive Transition 
to 053 
Negative 
Transition 
tOSDl 
- 
- 
350 
ns 


Delay Time. 
Enable Positive Transition 
to 053 
PosItive Transition 
tOSD2 
- 
- 
350 
ns 


Delay Time. 
Enable Negative 
TransItion 
to Peripheral 
Data Valid 
tpWD 
- 
- 
350 
ns 


Delay Time. 
Enable Negative 
Transition 
to Peripheral 
CMOS 
Data Valid 
tCMOS 
- 
- 
2.0 
~s 


Input Strobe 
Pulse Width 
tpWIS 
200 
- 
- 
ns 


Input Data Hold Time 
l(H 
50 
- 
- 
ns 


Input Data 
Setup 
Time 
tiS 
20 
- 
- 
ns 


• 
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PIOPI? 
P20 P24 
P40 P47 


Inputs 


ICMOS-j 


IPWDx-i/:t 
----07VCC 


AllOala 
Dala ValId 
Port OutputS ---------- 


NOTES 


1 
10 k pullup reSiStor requlled 
tor POri 2 10 reach 0 7 'ycc 
2 
No! applIcable 10 P21 


3 
POri 4 canna! be pulled above VCC 


* Access matches 
output strobe select (aSS = 0, a read; ass = 1, a write) 


NOTE- 
Timing 
measurements 
are referenced 
to and from a low voltage of 0.8 volts and a high voltage of 2 a volts. unless otherwise 
noted 


FIGURE 
3 - 
PORT 3 OUTPUT 
STROBE 
TIMING 
(SINGLE-CHIP 
MODEl 


MPU Access 
of Port 3* 


TesIPo,nl~ 


ctJR! 


-=- 
"= 


C ~ 90 pF for P3O-P37, P40·P47, 
E, SCI, 
SC2 


= 30 pF for PIO-PI7, 
P20·P24 
R = 37 kO for P40-P47, 
SC1, 
SC2 


= 24 kO for PIO-PI7, 
P20-P24, 
P30-P37, 
E 
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ldent. 
Characteristics 
Symbol 
MC68701U4 
MC68701 U4-1 
Unit 
Number 
Max 
Min 
Max 
Min 


1 
Cycle 
Time 
teye 
1.0 
2.0 
08 
2.0 
~s 


2 
Pulse Width, 
E Low 
PWEL 
430 
1000 
360 
1000 
ns 


3 
Pulse Width, 
E High 
PWEH 
450 
1000 
360 
1000 
ns 


4 
Clock 
Rise and Fall Time 
t,.tf 
- 
25 
25 
ns 


9 
Address 
Hold 
Time 
tAH 
20 
- 
20 
- 
ns 


12 
Non-Muxed 
Address 
Valid Time 10 E' 
tAV 
200 
- 
150 
ns 


17 
Read Data 
Setup 
Time 
IDSR 
80 
- 
70 
- 
ns 


18 
Read Data 
Hold 
Time 
tDHR 
10 
- 
10 
- 
ns 


19 
Write 
Data Delay Time 
tDDW 
- 
225 
- 
200 
ns 


21 
Write 
Data Hold Time 
tDHW 
20 
20 
ns 


22 
Muxed 
Address 
Valid Time to E Rise' 
tAVM 
160 
- 
120 
- 
ns 


24 
Muxed 
Address 
Valid Time to AS Fall' 
tASL 
40 
- 
30 
- 
ns 


25 
Muxed 
Address 
Hold 
Time 
tAHL 
20 
- 
20 
- 
ns 


26 
Delay Time. 
E to AS Rise' 
tASD 
200 
- 
170 
ns 


27 
Pulse Width, 
AS High' 
PWASH 
100 
- 
80 
- 
ns 


28 
Delay Time, 
AS to E Rise' 
tASED 
90 
- 
70 
- 
ns 


29 
Usable Access 
Time' 
ISee Note 31 
IACC 
530 
- 
410 
- 
ns 


IDS. 


R/IN. 
Address 
INon-MuxedJ 


NOTES: 


1., Voltage 
levels shown 
are VLsO.5 
V, VH~2.4 
V, unless otherwise 
specified. 


2. 
Measurement 
POints shown 
are 0.8 V and 2.0 V, unless otherwise 
specltled 
3. Usable access time 
IS computed 
by 22 + 3 - 17 


4. 
Memory 
deVices should 
be enabled 
only dUring E hIgh to avoid port 3 bus contention 
5. 
Item 26 is different 
from 
the MC6801 , but it is upward 
compatible. 
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• 


• 


The term "port" 
by itself refers to all of the hardware 
associated 
with 
the port. 
When 
the 
port 
is used as a 


"data 
port" 
or "I/O 
port," 
it is controlled 
by the 
port 
data direction 
register 
and the programmer 
has direct 


access to the port pins using the port data register. 
Port 
pins 
are labeled 
as Pij where 
i identifies 
one 
of four 


ports and j indicates 
the particular 
bit. 


The 
microprocessor 
unit 
(MPUI 
is an enhanced 
MC6800 
MPU with 
additional 
capabilities 
and greater 
throughput. 
It is upward 
source 
and object 
code com- 


patible with the MC6800 and the MC6801. The program- 
ming 
model 
is depicted 
in Figure 8 where 
accumulator 
D is a concatenation 
of accumulators 
A and B. A list of 
new operations 
added to the MC6800 instruction 
set are 


shown 
in Table 
1. 


The basic difference 
between 
the MC6801U4 and the 


MC68701U4 is that the MC6801U4 has an on-chip 
ROM 


while 
the 
MC68701U4 
has 
an 
on-chip 
EPROM. 
The 


The MC68701 U4 is an 8-bit monolithic 
microcontroller 
which 
an be configured 
to function 
in a wide variety 
of 
applications. 
The facility 
which 
provides 
this 
extraor- 


dinary 
flexibility 
is its ability 
to 
be hardware 
pro- 


grammed 
into 
seven 
different 
operating 
modes. 
The 


operating 
mode 
controls 
the configuration 
of 18 of the 


40 MCU pins, available on-chip resources, memory 
map, 


location 
(internal 
or external) 
of interrupt 
vectors, 
and 
type of external 
bus. The configuration 
of the remaining 
22 pins is not dependent 
on the operating 
mode. 


Twenty-nine 
pins are organized 
as three 
8-bit 
ports 
and one 5-bit port. Each port consists 
of at least a data 


register 
and 
a write-only 
data direction 
register. 
The 


data direction 
register 
is used to define 
whether 
cor- 


responding 
bits in the data register 
are configured 
as 


an input 
(clear) or output 
(set). 


01 Index Register 
lXl 


Carry/Borrow 
from MSB 


Overflow 


Zero 


Negative 


Interrupt 


Half 
Carry 
(From 
Bit 
31 


Instruction 
Description 


ABX 
Unsigned 
addition 
of accumulator 
B to index register 


ADDD 
Adds (without 
carry) the double accumulator 
to memory 
and leaves the sum In the double accumulator 
ASLD 
or LSLD 
Shifts 
the double 
accumulator 
left (towards 
MSBI 
one bit, the LSB 
IS cleared, 
and the MSB 
IS shifted 
Into the C bit 
BHS 
Branch 
if higher or same, unsigned conditional 
branch (same as Bee) 
BLD 
Branch if lower. 
unsigned conditional 
branch (same as SCSI 


BRN 
Branch never 


JSR 
Additional 
addressing 
mode direct 
LDD 
Loads double accumulator 
from memory 


LSL 
Shifts memory 
or accumulator 
left (towards 
MSBI 
one bit. the LSB is cleared, 
and the MSB 
is shifted Into the C bit 


(same as ASLJ 


LSRD 
Shifts the double accumulator 
right (towards 
LSBl one bit. the MSB 
is cleared, 
and the LSB IS shifted into the C bit 


MUL 
Unsigned 
multiply, 
multiplies the two accumulators 
and leaves the product 
In the double accumulator 


PSHX 
Pushes the index register to stack 


PULX 
Pulls the index register from stack 
STD 
Stores the double accumulator 
to memory 


SUBD 
Subtracts 
memory 
from the double accumulator 
and leaves the difference 
in the double accumulator 
CPX 
Internal 
processing modified 
to permit ItS use with any conditional 
branch InstructIOn 
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MC68701U4 is pin and code compatible 
with the MC6801U4 
and can be used to emulate 
the MC6801 U4, allowing 
easy 
software 
development 
using the on-chip 
EPROM. Software 
developed 
using the MC68701 U4 can then be masked into 


the MC6801 U4 ROM. 


In order to support 
the on-chip 
EPROM, the MC68701 U4 
differs from the MC6801U4 as follows: 


III 
Mode 0 in the MC6801U4 is a test mode only, while in 
the MC68701 U4 mode 0 is also used to program 
the 
on-chip 
EPROM. 
(2) The 
MC68701U4 
RAM/EPROM 
control 
register 
has 
two bits used to control the EPROM in mode 0 that are 
not defined 
in the MC6801U4 RAM control 
register. 
131The RESETIVpp 
pin in the MC68701U4 
is dual pur- 
pose, used to supply EPROM power as well as to reset 
the device; 
while 
in the MC6801U4 
the pin is called 


RESET and is used only to reset the device. 


are hardware 
selectable 
and determine 
the device memory 
map, the configuration 
of port 3, port 4, SC1, SC2, and the 
physical location 
of the interrupt 
vectors. 


FUNDAMENTAL 
MODES 


The seven operating 
modes 10-3, 5-71 can be grouped into 


three fundamental 
modes which 
refer to the type of bus it 


supports: 
single chip, 
expanded 
non-multiplexed, 
and ex- 


panded multiplexed. 
Single chip is mode 7, expanded 
non- 
multiplexed 
is mode 5, and the remaining 
5 are expanded 
multiplexed 
modes. 
Table 2 summarizes 
the characteristics 
of the operating 
modes. 


SINGLE-CHIP 
MODE 
(7) - 
In the 
single-chip 
mode, 


the 
four 
MCU 
ports 
are configured 
as parallel 
input! 


output 
data ports, 
as shown 
in Figure 
9. The MCU func- 
tions 
as a monolithic 
microcontroller 
in this mode 
with- 


out external 
address 
or data 
buses. 
A maximum 
of 29 
1/0 lines 
and two 
port 
3 control 
lines 
are provided. 
Pe- 
ripherals 
or another 
MCU can be interfaced 
to port 3 in 
a loosely 
coupled 
dual-processor 
configuration, 
as 
shown 
in Figure 
10. 


OPERATING 
MODES 


The MC68701 U4 provides seven different 
operating modes 
Imodes 0 through 
3 and 5 through 
71. The operating 
modes 


Single-Chip (Mode 7) 


192 bytes of RAM, 4096 
bytes of EPROM 
Port 3 is a parallel 110 port with two control lines 
Port 4 is a parallel 1/0 port 


Expanded Non-Multiplexed (Mode 51 


192 bytes of RAM, 4096 
bytes of EPROM 


256 bytes of external 
memory 
space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address 
bus 


Expanded Multiplexed (Modes 0, 1, 2, 3, 61 


Four memory 
space options (total 64K address space) 


111 Internal RAM and EPROMwith partial address bus Imode 11 


121 Internal RAM, no EPROM Imode 21 


131 Extended addressing of internal 1/0 and RAM 


141 Internal RAM and EPROMwith partial address bus Imode 61 
Port 3 is multiplexed 
address/data 
bus 


Port 4 is address bus (inputsl address in mode 6) 
Test! Program mode (mode 01: 


May be used to test internal RAM and EPROM 


May be used to test ports 3 and 4 as 110 ports by wnting 
into mode 7 
Used to program EPROM 
Only modes 5. 6, and 7 can be irreversibly entered 
from mode 0 


Resources Common 
to All Modes 


Reserved register area 
Port 1 input/output 
operation 


Port 2 input/output 
operation 
Timer operation 


Serial communications 
interface 
operation 


• 
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• 


FIGURE 
9 - 
SINGLE-CHIP 
MODE 


VCC 


Port 1 
8110 lines 
16-81tTimer 


Port 2 


5110 Lines 


SCI 
16-8it Timer 


Port 3 


8 I/O Lines 


iS3 
~ 


Port 1 
81/0 
Lines 


16-81t Timer 


Port 1 
81/0 


Lines 


16-81tTimer 


Pori 2 
5 I 0 Lmes 
SCI 
16·Btl 
TImer 


Port 4 
8 I/O 
Lines 


EXPANDED 
NON-MULTIPLEXED 
MODE (51 - 
A modest 
amount of external memory space is provided in the expand- 
ed non-multiplexed 
mode while significant 
on-chip resources 


are retained. 
Port 3 functions 
as an B-bit bidirectional 
data 


bus and port 4 is configured 
initially 
as an input data port. 


Any combination 
of the eight least significant 
address lines 


may be obtained 
by writing 
to 
the port 
4 data 
direction 
register. 
Stated alternatively, 
any combination 
of AO to A7 


may be provided 
while retaining 
the remainder as input data 
lines. Internal pullup 
resistors pull the port 4 lines high until 
the port is configured. 


Figure 11 illustrates 
a typical 
system configuration 
in the 


expanded 
non-multiplexed 
mode. 
The 
MeU 
interfaces 


directly with M6800 Family parts and can access 256 bytes of 
external address space at $100 through 
$1FF. 10S provides 


an address decode of external memory l$lOO-$1FFI and can 
be used as a memory-page 
select or chip-select 
line. 


EXPANDED 
MULTIPLEXED 
MODES 
10,1,2,3,6) 
- 
A 
64K 
byte 
memory 
space 
is 
provided 
in 
the 
expanded 
multiplexed 
modes. 
In each of 
the expanded 
multiplexed 
modes, port 3 functions 
as a time multiplexed 
address/ data 
bus with 
address 
valid 
on 
the 
negative 
edge 
of 
address 
strobe IAS) and data valid while E is high. In modes 0,2, 
and 
3, port 4 provides address lines AB to A 15. In modes 1 and 6, 
however, 
port 4 initially 
is configured 
at reset as an input 
data port. 
The port 4 data direction 
register 
can then 
be 


changed 
to provide 
any combination 
of address lines AB to 
A 15. Stated alternatively, 
any subset 
of AB to A 15 can be 


provided 
while 
retaining 
the remaining 
port 4 lines as input 
data lines. Internal pullup 
resistors pull the port 4 lines high 
until software 
configures 
the port. 


In mode 0, the reset and interrupt 
vectors 
are located at 


$BFFO-$BFFF. 
In addition, 
the 
internal 
and external 
data 
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buses are connected, 
so there 
must 
be no memory 
map 


overlap in order to avoid potential 
bus conflicts. 
By writing 
the PCO-PC2 bits in the port 2 data register, modes 5,6, 
and 
7 can be irreversibly entered from mode O. Mode 0 is used to 
program 
the on-chip 
EPROM. 


Figure 12 depicts a typical configuration 
for the expanded 
multiplexed 
modes. Address strobe can be used to control a 
transparent 
D-type 
latch 
to capture 
addresses 
AD-A7, 
as 


shown in Figure 13. This allows port 3 to function 
as a data 
bus when 
E is high. 


Port 
1 


81/0 


16-81t TImer 


Port 2 
51/0 
SO 


Timer 


FIGURE11 - 
EXPANDED NON-MULTIPLEXED CONFIGURATION 


VCC 


XTAL 
CJ 
NMI 
EXTAL 


fRQi 
VCC Standby 


Rtm 
MC68701U4 


Port 1 
Port 3 


8 I/O L,nes 
8 Data 
Lines 
16-81t Timer 
R/Vii 
Port 2 
105 
51/0 
Port 4 
Lines 
To 8 
SCI 
Address 
Lines 
16-81t Timer 
'=' 
Vss 


I 


-C" 
XTAL 
Port 3 
,8 


~ 


Pon4 
,8 
EXTAL 
las 
" 
andbv __ 
R W 


E ET-- 
E 


NM·I_ 
MC68701U4 


IROi-- 


8 
8 
8 


..L 
.~ 
8 
8 
8 


... 
"" 


... 


..• 
"" 
~ 
Vss 
PIA 
ACIA 
RAM 


100·071 
IAO·A7) 
'as 
R/Vii 


E 
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I 


FIGURE 
12 - 
EXPANDED 
MULTIPLEXED 
CONFIGURATION 


Vce 


Port 
I 
8110 
Lines 


16-811 Timer 


Port 
2 


5110 
Lines 


sel 
16-Bit 
Timer 


Vee 


XTAL 


0 


EXTAL 
Vee 
Standby 


RESET 
NMI 
16 
iRQj 


Port' 
81/0 
16-Blt Timer 


Port 2 
51/0 
sel 
Timer 


VSS 


Port 3 
8 LInes 


R/W 
Multiplexed 
Data Address 


Port 4 
8 Lines 


Address Bus 


Address 
Bus 
IAO-Al51 


R/W 
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}-,="" 


} 0".0000 


I 
I 


G 
DC 
Dl 
01 


SN74LS373 
(Typical I 


D8 
08 


Port 3 
{ 


Address/ Data 


PROGRAMMING 
THE MODE 


The operating 
mode 
is determined 
at RESET by the 


levels asserted 
on P22, P21, and P20. These levels are 


latched 
into PC2, PC1, and PCO of the program 
control 
register 
on the positive 
edge of RESET. The operating 
mode 
may 
be read from 
the 
port 
2 data 
register, 
as 
shown 
below, and programming 
levels and timing 
must 
be met 
a shown 
in Figure 
14. A brief 
outline 
of the 


operating 
modes 
is shown 
in Table 3. 


Circuitry 
to 
provide 
the 
programming 
levels 
is de- 
pendent 
primarily 
on the normal 
system 
usage of the 
three 
pins. If configured 
as outputs, 
the circuit 
shown 
in Figure 15 may be used; otherwise, 
three-state 
buffers 
can be used to provide 
isolation 
while 
programming 
the mode. 
Note that if diodes 
are used to program 
the 
mode, the diode forward 
voltage 
drop must not exceed 
the VMPDD minimum. 


MEMORY 
MAPS 


The MC68701 U4 can provide 
up to 64K byte address 
space depending 
on the operating 
mode. 
A memory 
map for each operating 
mode 
is shown 
in Figure 
16. 


The first 32 locations 
of each map are reserved 
for the 
internal 
register 
area, as shown 
in Table 4, with 
excep- 
tions 
as indicated. 


5 
4 


PCO 
P24 


See F.gure 15 


for Diode Arrangement f 
VMPDD 


IP20.P21.~221 
,¥;:':'= 
VMPL 


_____ 
~ 
Mode 
Latch 


~ 
, 
Level 


Characteristic 
Symbol 
Min 
Max 
Unit 


Mode 
Programming 
Input 
Voltage 
Low 
(for 
TA = 0 to 70'C) 
vMPL 
- 
1.8 
V 


Mode 
Programming 
Input Voltage 
High 
VMPH 
4.0 
V 


Mode 
Programming 
Diode 
Differential 
(If Diodes 
are Used) 
(for 
TA ~ 0 to 70'C) 
VMPDD 
06 
- 
V 


RESET Low Pulse Width 
PWRSTL 
3.0 
- 
E Cycles 


Mode 
Programming 
Setup Time 
IMPS 
2.0 
E Cycles 


Mode 
Programming 
Hold Time 


RESET 
Rise Tlme~ 
1 JlS 
tMPH 
0 
- 
ns 


RESET Rise T,me< 
1 ~s 
100 


P22 
P21 
P20 
Interrupt 
Bus 


Mode 
PC2 
PCl 
PCO 
EPROM 
RAM 
Vectors 
Mode 
Operating 
Mode 


7 
H 
H 
H 
I 
I 
I 
I 
Single Chip 


6 
H 
H 
L 
I 
I 
I 
MUX12.31 
Multiplexed/Partial 
Decode 


5 
H 
L 
H 
I 
I 
I 
NMUXI2.31 
Non-Multiplexed/Partial 
Decode 


4 
H 
L 
L 
- 
- 
Undef,nedl41 


3 
L 
H 
H 
E 
I 
E 
MUXll.51 
Mu't,plexed/RAM 


2 
L 
H 
L 
E 
I 
E 
MUXlli 
Multlplexedl RAM 


1 
L 
L 
H 
I 
I 
E 
MUX12.31 
Multlplexedl 
RAM and EPROM 
0 
L 
L 
L 
I 
I 
E 
MUXllJ 
Multiplex 
ed Test/Programming 


LEGEND 


t 
- 
Internal 


E - 
External 
MUX 
- 
Multiplexed 


NMUX 
- 
Non-Multiplexed 
L - 
Logic "0" 


H - 
Log'c 
"I" 


NOTES, 


1. Addresses associated 
with ports 3 and 4 are considered 
external 
in modes O. 2, and 3. 


2. Addresses associated 
with port 3 are considered 
external 
in modes 1, 5, and 6. 


3. Port 4 default 
IS user data Input; address output 
IS optional 
by writing 
to port 4 data dlrec\lon 
register 


4. Mode 4 IS a non-user 
mode and should not be used as an operating 
mode 
5 
Mode 3 has the Internal RAM 
and Internal registers relocated 
at SOOOO-SDOFF 


II 
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( 


rl I--, 


R1 


8 
P20 (PCOI 
g 
P21 (PCll 
10 
P22 (PC21 


V 
( 


)/ 
MC68701U4 
Mode 
Control 
SWitches 
R2 


( 
( 


,~, 
D 
, 
D 


"Normal" 
~ 
~ 
S1 
6 
RESETlVpp 


VPP~ 
--C 
.. T 


NOTES: 


1. Mode 0 as shown (switches closed). 
2. R1 = 10 kilohms 
(typicall. 


3. The RESET time constant is equal to RC where R 
is the equivalent parallel resistance of R2 and the 
number of resistors (Al) placed in the circuit by 
closed mode 
canto 1 switches. 


4. 0 = 1N914, 1N4001 in the 0 to 70"C range 
0= 1N270, MB0201 
in the 
-40 
to B5°C range 
5. If V = V~ 
R2 = 50 ohms (typicall 
to meet VIH 


for the RESETNpp 
pin, V = VCC is also compatible 
with MC6801 U4. The RESET time constant in this 
case is approximately 
R2 x C. 
__ 


6. Switch S1 allows selection of normal (RESET) or 
programming 
(Vpp) as the input to the RESETNpp 
pin. During switching, the input level is held at a 
value determined 
by a diode (0), resistor (R21 and 
input voltage (V). 
__ 


7. While 51 in the "Program" 
position, RESET should 
not be asserted. 


8. From powerup. 
RESET must be held low for at 


least tRC. The capacitor. C. is shown for concep- 
tual purposes only and is on the order of 1000 •.•.. 
F 
for the circuit shown. Typicall~ffer 
with an 
RC input will be used to drive RESET, eliminating 
the need for the larger capacitor. 
9. Diode Vf should not exceed VMPDD min. 


Multiplexed 
Test/Program 
Mode 


SOOOOl11 ~~~~~} 


SOO1F ~ 


SOO4OI~~~~ 
Internal 
RAM 


SOOFF 


}~x;~~~~ 
Space 


SBFFO 
External 


S8FFF ~:z::z::z:~~ 
Interrupt 
Vectorsl21 


} 
External 


SFOOO11m} Memory 
Space 
Internal 


EPROM 


SFFFF 


Internal 


Registers 


External 
Memory 
Space 


NOTES: 


11 Excludes 
the following 
addresses 
which 
may be 


used externally: 
S04. S06. S06. S07, and SOF. 


21 The interrupt 
vectors 
are at S8FFQ-SBFFF. 


31 There 
must be no overlapping 
of internal 
and 
external 
memory 
spaces 
to avoid 
driving 
the 
data bus with more than one device. 


4) This 
mode 
is used 
to 
program 
the 
on-chip 


EPROM. 
51 Modes 
5-7 
can 
be 
irreversibly 
entered 
from 
mode 
0 by writing 
to the 
PCO-PC2 bits of the 


port 2 data register. 
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MC68701U4 1 


MC68701U4 2 


Mode 
Mode 


Multiplexed/ 
RAM 
and EPROM 
Multiplexed/RAM 


sOOOOlli 
Internal 
Internal 


sOOlF 


Registers 
Registers 


External 
sOOlF 
External 


s0040 


Memory 
Space 
Memory 
Space 


Internal 
Internal 
RAM 
RAM 
sOOFF 
sOOFF 


External 


Memory 
Space 


External 
Memory Space 


sFOOQ 


/ 


Internal 


sFFEF 
EPROM 


sFFFO 
External 
sFFFO 
External 


sFFFF 
Interrupt 
Vectors 
sFFFF 
Interrupt 
Vectors 


NOTES: 


, I Excludes the following addresses which may be 


used 
externally: 
S04. S06. and SOF. 


2) Internal 
EPROM 
addresses 
$FFFO to SFFFF are not 
usable. 


3) Address lines A8·A15 will not contain addresses 


until 
the data 
direction 
register 
for port 
4 has been 
written with "ls" 
in the appropriate bits. These 
address lines will assert "15" until made outputs 
by writing 
the data direction register. 


NOTE 


11 Excludes 
the follOWing 
addresses 
which 
may be 


used 
externally: 
s04. 
s05. 
s06. 
s07. 
and 
sOF. 


sDOOO 


sD01F 


Internal 
Registers11. 
21 


External 


Memory 
Space 


Internal 
RAMIlI 


sFFFF 


NOTES: 


1) Relocating 
the internal registers and the inter- 


nal RAM to high memory allows the processor 
to make use of direct addressing. 


21 Excludes 
the following 
addresses 
which 
may be 


used 
externally: 
sOOO4. sOOO5. sOOO6. s0007. 


and 
sOOOF. 


$סס oo111 
} 
Internal 


$001 F 
Registers 


Unusable 


$0040 


} 
Internal 


$OOFF 
RAM 


$0100 
} 


External 


$OlFF 
Memory 
Space 


Unusable 


NOTES: 


11 Excludes 
the 
following 
addresses 
which 
mal 


not 
be used externally: 
$04, $06, and $OF lno 
iDS!. 


21 Address 
lines 
AO to A7 
will 
not 
contain 
ad- 


dresses 
until 
the data 
direction 
register 
for port 


4 has been 
written 
with" 
1s" in the appropriate 
bits. These address lines will assert "1s" 
until 
made 
outputs 
by 
writing 
the 
data 
direction 


register. 


• 


$סס oo111 


$OOlF 
i 


Internal 
Registers 
External 
Memory 
Space 


Internal 
RAM 


Internal 
EPROM 
Internal 
Interrupt 
Vectors 


NOTES: 


11 Excludes 
the following 
addresses 
which 
may be 
used externally: 
$04, $06, $OF. 


2) Address 
lines 
A8-A 15 
will 
not 
contain 
ad- 


dresses 
until the data 
direction 
register 
for port 


4 has been 
written 
with 
'" s" in the appropriate 


bits. 
These 
address 
tines will assert 
'" s" until 
made 
outputs 
by writing 
the 
data 
direction 


register. 


MC68701U4 7 
Mode 


Single Chip 


$סס oo 
} 
Internal 


$OOlF 
Registers 


Unusable 


$0040 
} 
Internal 
RAM 


$OOFF 


Unusable 


I 


Internal 
EPROM 


Internal 
Interrupt 
Vectors 


Register 
Address 


Port' 
Data 
Direction 
Register··· 
00 


Port 2 Data Direction 
Register··· 
01 
Port , Data 
RegIster 
02 


Port 2 Data 
RegIster 
03 


Port 3 Data Direction 
Register·· 
• 
04" 


Port 4 Data Direction 
Register·· 
• 
05" " 


Port 3 Data 
Register 
06" 


Port 4 Data 
Register 
07· • 


Timer Control 
and Status 
Register 
08 
Counte, IHlgh Bytel 
00 
Counter 
(Low 
Byte) 
OA 
Output 
Compare 
Register tHIgh 
Byte) 
OB 


Output 
Compare 
RegIster (Low 
Byte) 
OC 


Input Capture 
Register (High 
Byte) 
00 


Input Capture Register ILow Bytel 
OE 
Port 3 Control 
and Status 
Register 
OF" 


Rate and Mode 
Control 
RegIster 
10 


Transmit/Receive 
Control 
and Status 
Register 
11 


Receive 
Data 
Register 
12 


Transmit 
Data 
RegIster 
13 


RAM 
Control 
Register 
14 
Counter 
Alternate 
Address tHigh 
Byte) 
15 


Counter 
Alternate 
Address (Low 
Byte) 
16 
Timer Control 
RegIster 
1 
17 


Timer Control 
Register 2 
18 


Timer 
Status 
Register 
19 


Output 
Compare 
Register 2 (High 
Byte) 
IA 


Output 
Compare 
Register 2 (Low 
Byte) 
1B 


Output 
Compare 
Register 3 (High 
Byte) 
1C 


Output 
Compare 
Register 3 (Low 
Byte) 
10 


Input Capture 
Register 2 tHigh 
Byte) 
IE 


Input Capture 
Register 2 (Low 
Byte) 
1F 


• External addresses in modes 0, 1, 2, 3, 5, and 6; cannot 
be 


accessed in mode 5 Ino 10SI 


•• 
External addresses in modes 0, 2, and 3 


••• 
, = Output, 
0= 
Input 


MC68701U4INTERRUPTS 


The M6801 
Family 
supports 
two 
types 
of 
Interrupt 
re- 


quests: maskable and non-maskable. 
A non-maskable 
inter- 


rupt (NMII,s 
always recognized and acted upon at the com- 


pletion 
of the current 
instruction. 
Maskable 
Interrupts 
are 


controlled 
by the condition 
code 
register 
I bit and by in- 


diVidual 
enable bits. 
The I bit controls 
all maskable 
Inter- 


rupts. Of the maskable Interrupts. 
there are two types: IRQl 
and IRQ2. The programmable 
timer and senal communica- 


tions Interface use an Internal IRQ2 Interrupt 
line. as shown 


In the block diagram. 
External deVices and 153 use IRQI 
An 


IRQl Interrupt 
IS serviced before IRQ2 If both are pending. 


NOTE 


After reset. an NMI will not be serviced until the flist 


program load of the stack pOinter. Any NMI generated 
before thiS load will be remembered 
by the processor 


and serviced subsequent 
to the stack pOinter load. 


All IRQ2 Interrupts 
use hardware 
pnontlzed 
vectors 
The 
• 


Single 
SCI 
Interrupt 
and 
three 
timer 
Interrupts 
are serviced 
In 


a pnofllized 
order and each IS vectored 
to a separate loca- 


tion. 
All Interrupt 
vector locations 
are shown 
In Table 5 
In 


mode 0, reset and Interrupt 
vectors 
are defined 
as SBFFO- 


SBFFF 


The Interrupt 
flowchart 
IS depicted 
In Figure 
17 and IS 


common 
{o every 
Interrupt 
excluding 
reset 
DUring 
Interrupt 


serVICing, 
the 
program 
counter, 
Index 
register, 
A 
ac- 


cumulator, 
B accumulator, 
and 
condition 
code 
regIster 
are 


pushed to the stack 
The I bit ISset \0 Inhlbl\ maskable inter- 


rupts 
and 
a vector 
IS fetched 
corresponding 
to the 
current 


highest 
pnonty 
Interrupt 
1he vector 
IS transferred 
to the 


program 
counter 
and 
instruction 
execution 
IS resumed 
Inter 
rupt and ~ 
timing are Illustrated 
In Figures 18 and 19 


Mode 0 
Modes 1-3. 5-7 


MSB 
LSB 
MSB 
LSB 
Interrupt 
BFFE 
BFFF 
FFFE 
FFFF 
RESET 


BFFC 
BFFO 
FFFC 
FFFD 
Non-Maskable 
Interrupt·· 
BFFA 
BFFB 
FFFA 
FFFB 
Software 
Interrupt 


BFF8 
BFF9 
FFF8 
FFF9 
Maskable 
Interrupt 
Request 
1 
BFF6 
8FF7 
FFF6 
FFF7 
Input Capture 
Flag* 


BFF4 
BFF5 
FFF4 
FFF5 
Output 
Compare 
Flag* 
BFF2 
BFF3 
FFF2 
FFF3 
Timer Overflow 
Flag* 


BFFO 
BFFI 
FFFO 
FFF1 
Senal Communications 
Interface* 


* i"'RTI2 
interrupt 


* * NMI 
must be armed tby accessing stack pointer) 
before an 
NMI 
is executed 
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_0 


BFFC-BFFO 


BFFA·8FFB 


BFF8-BFF9 


BF~BFF7 


BFF4-BFFS 


BFF2·8FF3 


BFFO-BFFl 


5CI- 
TIE-TORE + RIE-IRORF + QRFE) 
ICI_lICF1_EICI11 
+ lICF2tE1C121 
OCI-IOCF1.eOClll 
+ IOCFlioEOCl21 
+ IOCF:t-EOCI31 


VecfI:JI-PC 


ModII 
1-3. 5-7 


FFFC·FFFQ 


FFFA·FFFB 


FFFB-FFF9 


FFF6-FFF7 


FF~·FFF5 


FFF2·FFF3 


FFFO-FFFI 


Non.Maskable 
Interrupt 


Softwlre 
Interrupt 


Mtskable 
Interrupt 
Request 1 


Input Capture lntltfrupt 


Output 
Compare 
Interrupt 


TImer Ovefllow 
Interrupt 


SCI Interrupt 


E &\\\\~\\\\\~~\\\\\\\\\\\\\\\LJLJ1 
JLJ1J1S 


_5.25V 
I' 
r= 
rt= 
vcc 
h.,4.75V 
' 
tRC---------' 
':3 
t_pc_s 
1 
~ 
~ 
tpcs 
mn 
~I /.------------------'1 
O.8V 4.0V 
08~~ 
_ 


S\\\S\'S\\\\\\\\\~ b\\\\\\\\\\\\\\\\\S\\\\S\ Ssc:x I 
FFFE 
FFFE 
S\\\\\\\\\\\\\\\\'{ 
t\\\\\\\\\\\\\\\\\\\\\\\ \\\\)' 


&\\\\\\\\\\\\\\\\~ t~\\\\\\\\\\\\\\\\\\\\\\\\\~ 
• 


• 


FUNCTIONAL 
PIN DESCRIPTIONS 


VCC ANDVSS 
VCC and VSS 
provide 
power 
to a large portion 
of the 
MCU. The power supply should provide 
+ 5 volts (± 5%1 to 
VCC and VSS should be tied to ground. 
Total powerdissipa- 


tion (including 
VCC standby) 
will not exceed PD milliwatts. 


Vcc 
STANDBY 
VCC standby 
provides power to the standby 
portion 
($40 
through 
$5F) of the RAM and the STBY 
PWR and RAME 
bits of the RAM control 
register. 
Voltage 
requirements 
de- 


pend on whether 
the device is in a power-up 
or power-down 


state. 
In the power-up 
state, the power supply should pro- 


vide 
+5 
volts 
(±5%1 
and 
must 
reach VSB 
volts 
before 
RESET reaches 4.0 volts. During power down, 
VCC standby 


must remain above VSBB (minimum) 
to sustain the standby 


RAM and STBY PWR bit. While in power-down 
operation, 


the standby 
current 
will not exceed ISBB· 


It is typical to power both VCC and VCC standby from the 
same source during normal operation. 
A diode must be used 
between 
them 
to prevent 
supplying 
power 
to VCC during 
power-down 
operation. 


XTAL 
AND 
EXTAL 


These two 
input 
pins interface 
either 
a crystal 
or TTL- 


compatible 
clock 
to 
the 
MCU 
internal 
clock 
generator. 


Divide-by-four 
circuitry 
is included 
which 
allows use of the 
inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals. 
A 20 pF capacitor 
should 
be tied from 
each crystal 
pin to 
ground 
to ensure reliable startup and operation. 
Alternative- 


ly, EXTAL 
may be driven 
by an external 
TTL-compatible 
clock at 4 fa with 
a duty cycle of 50% (:t 5%) with 
XTAL 
connected ground. 


The internal oscillator 
is designed to interface with an AT- 


cut quartz 
crystal 
resonator 
operated 
in parallel resonance 
mode 
in 
the 
frequency 
range 
specified 
for 
fXTAL. 
The 
crystal should 
be mounted 
as close as possible to the input 
pins to minimize 
output 
distortion 
and startup 
stabilization 
time. 
The 
MCU 
is compatible 
with 
most 
commercially 


available crystals. 
Nominal 
crystal parameters 
are shown 
in 
Figure 20. 


RESETlVpp 


This input is used to reset the internal state of the device 
and provide an orderly startup 
procedure. 
During power up, 


RESET must be held below 0.8 volts: 
(1) at least tRC after 
VCC reaches 4.75 volts in order to provide sufficient 
time for 
the clock 
generator 
to stabilize, 
and (21 until VCC standby 
reaches 4.75 volts. 
RESET must be held low at least three E 
cycles if asserted during 
power-up 
operation. 


This pin is also used to supply Vpp in mode 0 for program- 


ming the EPROM. 


E (ENABLE) 


This is an output 
clock used primarily for bus synchroniza- 
tion. 
It is TTL compatible 
and is the slightly 
skewed divide- 
by-four 
result 
of the device 
input 
clock 
frequency. 
It will 
drive one Schottky 
TTL load and 90 pF, and all data given in 
cycles is referenced 
to this clock unless otherwise 
noted. 


NMI (NON-MASKABLE 
INTERRUPT) 


An 
NMI 
negative 
edge 
requests 
an MCU 
interrupt 
se- 


quence, 
but the current 
instruction 
will be completed 
before 


it responds to the request. The MCU will then begin an inter- 
rupt sequence. 
Finally, a vector 
is fetched 
from $FFFC and 
$FFFD ($BFFC and $BFFD 
in mode 01, transferred 
to ~ 
program counter, 
and instruction 
execution 
is resumed. NMI 
typically 
requires a 3.3 kO (nominall 
resistor to VCC. There 
IS 
no internal NMI pullup resistor. 
NMI must be held low for at 
least one E cycle to be recognized 
under all conditions. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. 
Any NMI generated 
before this load will remain pending 
by the processor. 


IRQl (MASKABLE 
INTERRUPT 
REQUEST 1) 


JROT 
is a level-sensitive 
input 
which 
can be used to re- 


quest an interrupt 
sequence. The M PU will complete 
the cur- 
rent instruction 
before it responds to the request. If the inter- 


rupt mask bit (I bit) in the condition 
code register is clear, the 
MCU will begin an interrupt 
sequence. 
A vector 
is fetched 
from 
$FFF8 and 
$FFF9 
($BFF8 
and 
$8FF9 
in 
mode 
01, 


transferred 
to the program 
counter, 
and instruction 
execu- 
tion is resumed. 


IRQl 
typically 
requires 
an 
external~ 
kO (nominall 
resistor to VCC for wire-OR application. 
IRQl has no internal 


pullup resistor. 


SCl 
and SC2 (STROBE CONTROL 
1 AND 2) 


The function 
of SCl 
and SC2 depends 
on the operating 
mode. 
SCl 
is configured 
as an output 
in all modes except 
single-chip 
mode, 
whereas 
SC2 is always 
an output. 
SCl 


and SC2 can drive one Schottky 
load and 90 pF. 


SCl 
AND 
SC2 IN SINGLE-CHIP 
MODE 
- 
In single-chip 


mode, SCl and SC2 are configured 
as an input and output, 


respectively, 
and both function 
as port 3 control 
lines. SCl 


functions 
as IS3 and can be used to indicate that port 3 input 


data is ready or output 
data has been accepted. 
Three op- 


tions associated with IS3 are controlled 
by the port 3 control 
and status register and are discussed 
in the port 3 descrip- 


tion; 
refer to P30-P37 (PORT 3). If unused, 
IS3 can remain 
unconnected. 


SC2 is configured 
as OS3 and can be used to strobe out- 
put data or acknowledge 
input data. It is controlled 
by out- 
put 
strobe 
select 
(OSSI 
in the port 
3 control 
and status 
register. The strobe is generated by a read (OSS = Q) or write 
(OSS = 1) to the port 3 data register. OS3 timing is shown in 
Figure 3. 


SCl 
AND 
SC2 
IN 
EXPANDED 
NON-MULTIPLEXED 
MODE - 
In the expanded 
non-multiplexed 
mode, both SCl 
and SC2 are configured 
as outputs. 
SCl 
functions 
as in- 
put/output 
select 
(lOSI 
and is asserted 
only 
when 
$0100 
through 
$01FF is sensed on the internal 
address bus. 
SC2 is configured 
as read/write 
and is used to control 
the 
direction 
of data 
bus transfers. 
An 
MPU 
read is enabled 
when 
read/write 
and E are high. 


SCl 
AND SC2 IN EXPANDED 
MULTIPLEXED 
MODE 
- 
In the expanded 
multiplexed 
modes, both SCl and SC2 are 
configured 
as outputs. 
SCl 
functions 
as address strobe and 
can be used to demultiplex 
the eight 
least significant 
ad- 
dresses and the 
data 
bus. 
A latch 
controlled 
by address 
strobe captures 
the lower address on the negative edge, as 
shown 
in Figure 13. 
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3.58 MHz 
4.00 MHz 
5.0 MHz 


RS 
600 
500 
30-500 


CO 
3.5 pF 
6.5 pF 
4·6 pF 


C1 
0.015 
pF 
0.025 
pF 
0.01-0.02 
pF 
a 
>40 
K 
>~K 
>20K 


101 
3 • 


L1 
C1 
RS 


3 


CO 


EQuivalent 
Circuit 


NOTE 


TT l-compatlble 
oscillators may be 
obtained 
from: 


Motorola 
Component 
Products 


Attn: 
Crystal 
Clock 
Oscillators 
2563 N. Edgington 
St. 


Franklin 
Park. 
IL 60131 
Tel: 312·451·1000 
Telex: 
433-0067 


tRC 


Oscillator 


Stabilization 
Time. 
tRC 
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SC2 is configured 
as read/write 
and is used to control the 
direction 
of data 
bus transfers. 
An 
M PU read is enabled 
when 
read/write 
and E are high. 


P1G-P17 (PORT 11 


Port 1 is a mode independent 
S-bit I/O 
and timer 
port. 


Each line can be configured 
as either an input or output 
as 
defined by the port 1 data direction 
register. Port t bits 0, 1, 
and 2 (P10, Pll, 
and P12) can also be used to exercise one 
input edge function 
and two 
output 
compare 
functions 
of 
the timer. The TTl 
compatible 
three-state 
buffers can drive 
one Schottky 
TTl 
load and ~ 
pF, Darlington 
transistors, 
or 
CMOS 
devices 
using 
external 
pullup 
resistors. 
It is con- 
figured as a data input port during RESET. Unused pins can 
remain unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 
5-bit, 
multipurpose 
1/0 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine 
the operating 
mode of the 
MCU. The entire port is then configured 
as a data input port. 


The port 2 lines can be selectively configured 
as data output 
lines by setting 
the appropriate 
bits in the port 2 data direc- 
tion register. 
The port 2 data register is used to move data 
through 
the port. 
However, 
if P21 is configured 
as an out- 
put, it is tied to the timer output compare 1 function 
and can- 
not be used to provide output 
from the port 2 data register 
unless 
output 
enable 
1 WE1) 
is cleared 
in timer 
control 
register 1. 


Port 2 can also be used to provide 
an interface 
for the 
serial communications 
interface 
and the timer 
input 
edge 
function. 
These 
configurations 
are described 
in SERIAL 
COMMUNICATIONS 
INTERFACE 
and 
PROGRAMMABLE 
TIMER. 


The port 2 three-state 
TTl-compatible 
output 
buffers are 
capable 
of driving 
one Schottky 
TTl 
load and ~ 
pF, or 
CMOS devices using external 
pullup resistors. 


7 
6 


IpC2 
PCl 


PORT 2 DATA 
REGISTER 


5 
4 
3 
2 


PCO 
P24 
P23 
P22 
P21 


P30-P37 (PORT 3) 


Port 3 can be configured 
as an I/O 
port, 
a bidirectional 
8-bit data bus, or a multiplexed 
address/ data bus depending 
on the operating 
mode. The TTl 
compatible 
three-state 
out- 
put 
buffers 
can drive one Schottky 
TTl 
load and 90 pF. 
Unused lines can remain unconnected. 


PORT 3 IN SINGLE-CHIP 
MODE 
- 
Port 3 is an 8-bit I/O 
port in the single-chip 
mode with each line configured 
by the 
port 3 data direction 
register. 
There are also two lines, IS3 
and OS3, which can be used to control 
port 3 data transfers. 


Three port 3 options 
are controlled 
by the port 3 control 
and 
status 
register 
and 
are available 
only 
in single-chip 
mode: 1) port 3 input data can be latched using IS3 ISC1) as 
a control signal, 2) OS3 (SC2) can be generated by either an 
MPU read or write to the port 3 data register, and 3) an IROl 
interrupt 
can be enabled 
by an IS3 negative 
edge. 
Port 3 
latch timing 
is shown 
in Figure 4. 


Bits G-2 


Bit 3 


Not used. 


latch 
Enable - 
This bit controls 
the input latch for 
port 
3. 
If set, 
input 
data 
is latched 
by an 
IS3 
negative edge. The latch is transparent 
after a read 
of the port 3 data register. 
latch 
enable is cleared 
during 
reset. 


OSS (Output 
Strobe Select) 
- 
This bit determines 
whether 
OS3 will be generated by a read or write of 
the port 3 data register. 
When 
clear, the strobe is 
generated by a read; when set, it is generated 
by a 
write. 
OSS is cleared during 
reset. 


Not used. 


IS3 IROl 
Enable 
- 
When 
set, an IROl 
interrupt 
will be enabled whenever 
the IS3 flag is set; when 
clear, the interrupt 
is inhibited. 
This bit is cleared 
during 
reset. 


IS3 Flag - 
This read-only status bit is set by an IS3 
negative edge. It is cleared by a read of the port 3 
control 
and 
status 
register 
(with 
IS3 
flag 
set) 
followed 
by a read or write 
to 
the 
port 
3 data 
register or during 
reset. 


Bit 5 


Bit 6 


PORT 3 IN EXPANDED 
NON-MULTIPLEXED 
MODE 
Port 3 is configured 
as a bidirectional 
data bus ID7-DOI in the 
expanded 
non-multiplexed 
mode. 
The 
direction 
of 
data 
transfers 
is controlled 
by read/write 
(SC21. Data is clocked 
by E (enable). 


PORT 3 IN EXPANDED 
MULTIPLEXED 
MODE - 
Port 3 is 
configured 
as a time multiplexed 
address (A7-AO) and data 
bus (D7-DO) in the expanded 
multiplexed 
mode where 
ad- 
dress strobe (AS) can be used to demultiplex 
the two buses. 


Port 3 is held in a high-impedance 
state between 
valid ad- 
dress and data to prevent bus conflicts. 


P40-P47 (PORT 4) 


Port 4 is configured 
as an S-bit I/O port, as address out- 
puts, 
or as data inputs 
depending 
on the operating 
mode. 
Port 4 can drive one Schottky 
TTl 
load and 90 pF, and is the 
only port with internal pullup 
resistors. 
Unused lines can re- 


main unconnected. 


PORT 4 IN SINGLE-CHIP 
MODE 
- 
In single-chip 
mode, 


port 4 functions 
as an 8-bit 
I/O 
port 
with 
each line con- 
figured 
by the port 4 data direction 
register. 
Internal 
pullup 
resistors allow 
the port to directly 
interface 
with 
CMOS at 
5-volt 
levels. External pullup 
resistors to more than 5 volts, 
however, 
cannot 
be used. 


PORT 4 IN EXPANDED 
NON-MULTIPLEXED 
MODE 
Port 4 is configured 
from reset as an S-bit input port where 
the port 4 data direction 
register can be written 
to provide 
any 'or all of eight address 
lines AO to A7. 
Internal 
pullup 
resistors 
pull the lines high until 
the port 4 data direction 
register is configured. 
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PORT 41N EXPANDED 
MULTIPLEXED 
MODE - 
In all ex- 


panded 
multiplexed 
modes except 
modes 
1 and 6, port 4 
functions 
as half of the address bus and provides AS to A 15. 


In modes 1 and 6, the port is configured 
from 
reset as an 
8-bit 
parallel 
input 
port 
where 
the 
port 
4 data 
direction 
register can be written 
to provide any or all of upper address 
lines A8 to A 15. Internal 
pullup 
resistors pull the lines high 
until the port 4 data direction 
register is configured 
where bit 
o controls 
AS. 


RESIDENT MEMORY 


The MC68701 U4 has 192 bytes of on-chip 
RAM and 4096 
bytes of on-chip 
UV erasable EPROM. This memory is con- 
trolled by four bits in the RAM/EPROM 
control 
register. 


Thirty-two 
bytes 
of the 
RAM 
are powered 
through 
the 
VCC standby 
pin and are maintainable 
during 
VCC power- 


down. 
This standby portion 
of the RAM consists of 32 bytes 
located from $40 through 
S5F. 


Power 
must 
be supplied 
to VCC standby 
if the internal 
RAM 
is to be used, regardless 
of whether 
standby 
power 
operation 
is anticipated. 


The 
RAM 
is controlled 
by 
the 
RAM/EPROM 
control 
register. 


RAM/EPROM 
CONTROL 
REGISTER 1$14) 


The 
RAM/EPROM 
control 
register 
includes 
four 
bits: 


STBY 
PWR, 
RAME, 
PLC, and 
PPC. Two 
of these 
bits, 


STBY PWR and RAME, are used to control RAM access and 
determine the adequacy of the standby power source during 
power-down 
operation. 
It is intended 
that RAME be cleared 
and STBY PWR be set as part of a power-down 
procedure. 


RAME and STBY PWR are read/write 
bits. 


The remaining 
two bits, PLC and PPC, control 
the opera- 


tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in mode O. The PLC bit can be writ- 
ten without 
restriction 
in mode 0, but operation 
of the PPC 
bit is controlled 
by the state of PLC. 


Associated 
with 
the EPROM are an 8-bit data latch and a 


16-bit address latch. 
The data latch is enabled at all times, 


latching each data byte written 
to the EPROM. The address 


latch is controlled 
by the PLC bit. 


A 
description 
of 
the 
RAM/EPROM 
control 
register 
follows. 


RAM/EPROM 
CONTROL 
REGISTER 
65432 
1 


Bit 0 
Programming 
Latch 
Control 
IPLCI. 
This bit con- 


trols the latch which 
captures 
the EPROM address 


to be programmed 
and whether 
the PCC bit can be 


cleared. The latch is triggered 
by an MPU write to a 


location 
in the EPROM. This bit is set during reset 
and can be cleared only in mode O. The PLC bit is 
defined 
as follows: 


PLC = 0- 
EPROM address 
latch enabled; 
EPROM 
address is latched 
during 
MPU writes 
to 
the EPROM. 


PLC = 1- EPROM address latch is transparent. 


Progl'llmming 
Power Control 
(PPC). This bit gates 
power 
from 
the mtrlVpp 
pin to the EPROM 
programming 
circuit. 
PPC is set during 
reset and 
whenever the PLC bit is set. It can be cleared only if 
operating 
in mode 0, and if PLC has been previous- 


ly cleared. The PPC bit is defined as follows: 
PPC = 0- 
EPROM 
programming 
power 
(Vppi 
applied. 


PPC = 1- EPROM 
programming 
power 
(Vpp) 
is 
not applied. 


Unused. 


RAM 
Enable (RAMEL 
This read/write 
bit can be 
used to remove the entire 
RAM from 
the internal 
memory 
map. RAME is set (enabled) 
during 
reset 
provided 
standby power is available on the positive 
edge of reset. If RAME 
is clear, any access to a 
RAM address is external. 
If RAME is set, the RAM 
is included 
in the internal map. 


Standby 
Power 
(STBY 
PWRl. 
This 
bit 
is 
a 
read/write 
status bit which 
when cleared indicates 
that VCC standby 
has decreased sufficiently 
below 
VSBB 
(minimum) 
to 
make 
data 
in the 
standby 
RAM suspect. 
It can be set only by software 
and is 
not affected 
during reset. 
• 


Bit 2-5 


Bit6 


Note 
that 
if 
PPC and 
PLC 
are set, 
they 
cannot 
be 
simultaneously 
cleared with a single MPU write. 
The PLC bit 
must be cleared prior to attempting 
to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
it is assumed 
that 
Vpp 
is applied 
to the iITSEf IVpp 
pin 
whenever 
PCC is clear. If this is not the case, the result is 


undefined. 


ERASING THE MC68701U4 EPROM 


Ultraviolet 
erasure will clear all bits of the EPROM to the 


zero state. The MC68701 U4 EPROM is programmed 
by eras- 


ing it to zeros and entering 
ones into the desired bit loca- 
tions. 


The MC68701 U4 EPROM can be erased by exposure 
to 
high intensity 
ultraviolet 
light 
with 
a wave 
length 
of 2537 
angstroms 
for a minimum 
of 30 minutes. 
The recommended 
integrated 
dose (ultraviolet 
intensity 
times exposure time) is 
15 watts/centimeter. 
The 
lamps 
should 
be used without 


shortwave 
filters, 
the 
MC68701U4 
should 
be positioned 
about 
one inch 
away 
from 
the ultraviolet 
tubes, 
and the 


transparent 
lid should 
not be covered. 


The MC68701 U4 transparent 
lid should always be covered 


after 
erasing. 
This 
protects 
both 
the 
EPROM 
and 
Iight- 
sensitive nodes from accidental 
exposure to ultraviolet 
light. 


PROGRAMMING 
THE MC68701U4 EPROM 


When the MC68701 U4 is released from reset in mode 0, a 


vector is fetched 
from location 
SBFFE:SBFFF. This provides 
a method 
for an external 
program 
to obtain control 
of the 
microcomputer 
with access to every location in the EPROM. 


To program 
the EPROM, 
it is necessary 
to operate 
the 
MC68701U4 in mode 0 under the control 
of a program 
resi- 


dent in external memory which can facilitate loading and pro- 
gramming 
of the EPROM. After the pattern has been loaded 
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into external memory, the EPROM can be programmed as 
follows: 


a. Apply programming 
power (VPP) to the RESETlVpp 
pin. 


b. Clear the PLC control bit and set the PPC bit by writing 
$FE to the RAM/EPROM 
control register. 


c. Write data to the next EPROM location to be program- 
med. Triggered by an MPU write to the EPROM, inter- 
nal latches capture both the EPROM address and the 
data byte. 


d. Clear the PPC bit for programming time, tpp, by writing 


$FC to the RAM/EPROM 
control register and waiting 
for time, tpp. This step gates the programming power 
(Vpp) from the RESET/Vpp 
pin to the EPROM which 


programs the location. 


e. Repeat steps b through d for each byte to be program- 


med. 


f. 
Set 
the 
PLC and 
PPC bits 
by writing 
$FF to the 


RAM/ EPROM control register. 


g. Remove 
the 
programming 
power 
(Vpp) 
from 
the 


RESETIVpp 
pin. The EPROM can now be read and 
verified. 


Because the erased state of an EPROM byte is $00, it is not 


necessary to program a location which 
is to contain $00. 


Finally, it should be noted that the result of inadvertently 
programming a location more than once is the logical OR of 
the data patterns. 


PROGRAMMABLE 
TIMER 


The 
programmable 
timer 
can 
be 
used 
to 
perform 


measurements on two separate input waveforms 
while in- 


dependently 
generating 
three 
output 
waveforms. 
Pulse 
widths 
can 
vary 
from 
several 
microseconds 
to 
many 


seconds. A block diagram of the timer is shown in Figure 21 
COUNTER ($09:0Al. ($15, $16) 


The key timer element is a 16-bit free-running 
counter 


which is incremented by E (enable!. It is cleared during reset 
and is read-only with one exception: in mode 0 a write to the 
counter ($09) will preset it to $FFFB. This feature, intended 
for testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. The TOF bit is set 
whenever the counter contains all ones. If ETOI is set, an in- 
terrupt will occur when the TOF is set. The counter may also 
be read at S15 and S16 to avoid inadvertently 
clearing the 


TOF. 


OUTPUT 
COMPARE 
REGISTERS 
($OB:OCI. 
($lA:1B), 
($lC:1D) 


The three output 
compare registers are 16-bit read/write 
registers, each used to control an output waveform 
or pro- 


vide an arbitrary time-out flag. They are compared with the 
free-running counter during the negative half of each E cy- 
cle. When a match occurs, the corresponding 
output com- 


pare flag (OCF) is set and the corresponding 
output 
level 
IOLVLI is clocked to an output level register. If both the cor- 
responding output 
enable bit and data direction 
register bit 
are set, the value represented in the output level register will 
appear on the corresponding 
port pin. The appropriate OLVL 


bit can then be changed for the next compare. 


The function 
is inhibited for one cycle after a write to its 


high byte (SOB,SlA, or $lC) to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
output 
compare register without 
affecting 
the other byte. 


The 
OLVL 
value 
will 
be clocked 
out 
independently 
of 


whether 
the OCF had previously been cleared. The output 


compare registers are set to SFFFF during reset. 


INPUT CAPTURE REGISTERS ($OD:OE),($lE:1F) 


The 
two 
input 
capture 
registers 
are 
16-bit 
read-only 
registers used to store the free-running 
counter 
when 
a 


"proper" 
input 
transition 
occurS as defined 
by the cor- 
responding input edge bit lIEDGl 
or IEDG2). The input pin's 
data direction register should be configured as an input. but 
the edge detect 
circuit 
always senses P10 and P20 even 


when configured 
as an output. 
The counter value will be 


latched 
into 
the 
input 
capture 
registers 
on 
the 
second 


negative edge of the E clock following 
the transition. 


An input 
capture can occur 
independently 
of ICF; the 
register always contains 
the most current 
value. Counter 


transfer is inhibited, however, between accesses of a double 
byte M PU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS 
REGISTERS 


Four registers are used to provide the MC68701U4 with 


control and status information 
about the three output com- 


pare functions, 
the timer overflow function, 
and the two in- 
put edge functions of the timer. They are: 


Timer Control and Status Register (TCSR) 
Timer Control Register 1 (TCRll 
Timer Control Register 2 ITCR2) 
Timer Status Register ITSR) 
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TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
(TCSR) 
($08) 
- 
The timer 
control 
and status 
register 
is an B-bit 


register of which 
all bits are readable, while only bits 0-4 can 


be written. 
All the bits in this register 
are also accessible 
through 
the two timer control 
registers and the timer status 


register. 
The three 
most 
significant 
bits provide 
the timer 
status and indicate 
if: 


1 
a proper level transition 
has been detected 
at P20, 


2. a 
match 
has 
occurred 
between 
the 
free-running 
counter 
and output 
compare 
register I, or 


3. the free-running 
counter 
has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled 
by an individual 
enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER 


765432 
1 
0 


IICFl IOCFl I TOF I EICll IEOCII IETOII IEDGl IOLVL11 $00 


Bit 0 
Output 
Levell 
- 
OLVL 1 is clocked to output 
level 


register 
1 by a successful 
output 
compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OEI control 
bit in timer con- 


trol 
register 
1 is set. 
OLVL1 
and 
output 
level 
register 1 are cleared during reset. Refer to TIMER 
CONTROL 
REGISTER 1 (TCR1) ($17) 


Bit 1 
Input 
Edge 1 - 
IEDG 1 is cleared during 
reset and 
controls 
which 
level transition 
on P20 will trigger a 
counter 
transfer to input capture 
register 1: 


IEDGI =0 transfer on a negative-edge 
IEDG 1= 1 transfer on a positive-edge 


Refer to TIMER 
CONTROL 
REGISTER 
1 ITCR1) 


($171. 


Bit 2 
Enable Timer Overflow 
Interrupt 
- 
When 
set, an 


ii'fQ2 interrupt 
will 
be generated 
when 
the timer 


overflow 
flag is set; when clear, the interrupt 
is in- 


hibited. 
ETOI 
is cleared 
during 
reset. 
Refer 
to 


TIMER CONTROL 
REGISTER 21TCR2) 
($18). 


Bit 3 
Enable Output 
Compare 
Interrupt 
1 - 
When 
set, 


an IRQ2 interrupt 
will be generated 
when 
output 
compare flag 1 is set; when clear, the interrupt 
is in- 


hibited. 
EOCII 
is cleared 
during 
reset. 
Refer to 


TIMER CONTROL 
REGISTER 2 (TCR2) ($181. 


Bit 4 
Enable Input Capture 
Interrupt 
1 - 
When set, an 
ii'fQ2 interrupt 
will be generated 
when 
input 
cap- 


ture flag 1 is set; when 
clear, the interrupt 
is in- 


hibited. 
EICII 
is cleared 
during 
reset. 
Refer 
to 


TIMER CONTROL 
REGISTER 2 (TCR2) ($181. 


Bit 5 
Timer Overflow 
Flag - 
The TOF is set when 
the 
counter 
contains 
all ones (SFFFF). It is cleared by 


reading the TCSR or the TSR (with 
TOF set) and 
the counter 
high byte ($09), or during 
reset. Refer 
to TIMER STATUS 
REGISTER (TSR) ($191. 


Bit 6 
Output Compare Flag 1 - 
OCF1 is set when output 
compare 
register 
1 
matches 
the 
free-running 
counter. 
OCF1 is cleared by reading the TCSR or 


the TSR (with OCFl setl and then writing 
to output 
compare 
register 
1 (SOB or SOCI, or during 
reset. 


Refer to TIMER STATUS 
REGISTER (TSR) ($191. 


Bit 7 
Input Capture 
Flag - 
ICFl is set to indicate 
that a 


proper level transition 
has occurred; 
it is cleared by 


reading the TCSR or the TSR (with 
ICF1 setl and 
the input capture register 1 high byte (SOD), or dur- 
ing 
reset. 
Refer to 
TIMER 
STATUS 
REGISTER 
(TSR) ($19). 


TIMER' CONTROL 
REGISTER 
1 (TCR1) 
($17) 
- 
Timer 


control 
register 
1 is an B-bit read/write 
register which 
con- 
tains the control 
bits for interfacing 
the output 
compare and 


input capture 
registers to the corresponding 
I/O pins. 


7 
6 


IOE3 I OE2 


TIMER CONTROL REGISTERI 


5 
4 
3 
2 
1 
0 


OEI IIEDG2~OLVL3IoLVL21~ 
517 


Bit 0 
Output 
Levell 
- 
OLVL 1 is clocked 
to output 
level 


register 1 by a successful 
output 
compare 
and will 
appear at P21 If bit 1 of the port 2 data direction 
register is set and the OE1 control 
bit is set. OLVL1 


and output 
level register 1 are cleared during reset. 


Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) (5081. 


Bit 1 
Output 
Level 2 - 
OLVL2 is clocked 
to output 
level 
register 2 by a successful 
output 
compare 
and will 


appear at Pl1 if bit 1 of port 1 data direction 
register 


is set and the OE2 control 
bit is set. OLVL2 and out- 


put level register 2 are cleared during 
reset. 


Bit 2 
Output 
Level 3 - 
OLVL3 is clocked 
to output 
level 


register 3 by a successful 
output 
compare 
and will 


appear at P12 if bit2 of port 1 data direction 
register 
is set and the OE3 control bit is set. OLVL3 and out- 
put level register 3 are cleared during 
reset. 


Bit 3 
Input 
Edge 1 - 
IEDG 1 is cleared during 
reset and 
controls 
which 
level transition 
on P20 will trigger a 


counter 
transfer 
to input capture 
register 
1. 


IEDG 1= 0 transfer 
on a negative-edge 
IEDGI = 1 transfer 
on a ppsitive-edge 


Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER ITCSR) 
($081. 


Bit 4 
Input Edge 2 - 
IEDG2 is cleared during 
reset and 
controls 
which 
level transition 
on Pl0 will trigger a 


counter 
transfer 
to input capture 
register 2. 


IEDG2= 0 transfer 
on a negative-edge 


IEDG2 = 1 transfer 
on a positive-edge 


Bit 5 
Output 
Enable 
1 - 
OEI 
is set during 
reset and 
enables the contents 
of output 
level register 1 to be 
connected 
to P21 when 
bit 1 of port 2 data direc- 


tion register is set. 


OEI = 0 port 2 bit 1 data register output 
OEI = 1 output 
level register 
1 


Bit 6 
Output 
Enable 2 - 
OE2 is cleared during 
reset and 


enables the contents 
of output 
level register 2 to be 
connected 
to Pl1 when 
bit 1 of port 1 data direc- 


tion register is set. 
OE2 = 0 port 1 bit 1 data register output 
OE2 = 1 output 
level register 2 
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Bit 7 
Output Enable 3 - 
OE3 is cleared during reset and 
enables the contents of output level register 3 to be 
connected 
to P12 when bit 2 of port 1 data direc- 


tion register is set 
OE3: 0 port 1 bit 2 data register output 
OE3: 
1 output level register 3 


TIMER CONTROL REGISTER 2 (TCR2) ($18) - 
Timer 


control register 2 ISan 8-bit read/write 
register (except bits 0 
and 11which enable the interrupts associated with the free- 
running counter, the output compare registers, and the Input 
capture registers. In test mode 0, two more bits (clock and 
test) are available for checking the timer. 


TIMERCONTROLREGISTER2 
(Non-Test Modesl 


765432 
0 


IEICI2! EICIII EOCI3~=E=T=O=I 
=====[Q 
S18 


Bits 0-1 
Read-Only Bits - 
When read, these bits return a 
value of 1 Refer to TIMER CONTROL REGISTER 2 
(Test Mode). 


Bit 2 
Enable Timer Overflow 
Interrupt 
- 
When set, an 
IR02 interrupt 
will be generated when 
the timer 


overflow flag is set; when clear, the interrupt is In- 
hibited. 
ETOI is cleared dUring 
reset. 
Refer to 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
(TCSR) (~). 


Bit 3 
Enable Output Compare Interrupt 
1 - 
When set, 


an IR02 interrupt will be generated when the out- 
put compare flag 1 is set; when clear, the interrupt 
is inhibited. 
EOCl1 is cleared during reset. Refer to 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
(TCSR) ($08). 


Bit 4 
Enable Output Compare Interrupt 2 - 
When set, 


an IR02 interrupt will be generated when the out- 
put compare flag 2 is set; when clear, the interrupt 
is inhibited. 
EOCI2 is cleared during reset 


Bit 5 
Enable Output Compare Interrupt 3 - 
When set, 


an rnm interrupt will be generated when the out- 
put compare flag 3 is set; when clear, the interrupt 
is inhibited. 
EOCI3 is cleared during reset. 


Bit 6 
Enable Input Capture Interrupt 
1 - 
When set, an 
imi2 
interrupt 
will be generated when the input 


capture flag 1 is set; when clear, the interrupt is in- 
hibited. 
EICll 
is cleared during 
reset. 
Refer to 


TIMER 
CONTROL 
AND 
STATUS 
REGISTER 
(TCSR) (~). 


Bit 7 
Enable Input Capture Interrupt 2 - 
When set, an 


IR02 interrupt 
will be generated when the input 


capture flag 2 is set; when clear, the interrupt is in- 
hibited. EICI2 is cleared during reset. 


The timer test bits (test and clock 1allow the free-cunning 


counter to be tested as two separate 8-bit counters to speed 
testing. 


TIMERCONTROLREGISTER2 
ITest Mode) 


76543210 


IEICI2I EICll I EOCI31EOCI21EOCIl I ETOII TESTICLOCKI S18 


CLOCK - 
The CLOCK control bit selects which 
half of the 16-bit free-running 
counter 
(MSB 
or 


LSBI should be clocked with E. The CLOCK bit is a 
read/write 
bit only ,n mode 0 and is set during 
reset. 


CLOCK: 
0 - 
Only the eight most significant bits 


of the free-running counter run with TEST: 
O. 


CLOCK: 
1 - 
Only the eight least Significant bits 


of 
the 
free-running 
counter 
run 
when 


TEST: 
0 


TEST - 
the TEST control bit enables the timer test 


mode. TEST is a read/write bit In mode 0 and is set 
dUring reset. 


TEST: 
0 - 
Timer test mode enabled: 


al The timer LSB latch is transparent which 
allows the lS B to be read independently 
of the MSB. 


bl Either the M SB or the LSB of the timer IS 
clocked by E, as defined by the CLOCK 
bit. 


TEST: 
1 - 
Timer test mode disabled. 


Bits 2-7 
See TIMER 
CONTROL 
REGISTER 2 (Non-Test 
Modes). !These bits function 
the same as In the 
non-test modes. 1 


TIMER STATUS 
REGISTER (TSR) ($19) - 
The timer 


status register is an 8-bit read-only register which contains 
the flags associated with the free-running counter, the out- 
put compare registers, and the Input capture registers. 


Bits 0-1 
Not used. 


Bit 2 
Timer Overflow Flag - 
The TOF is set when the 
counter contains all ones (SFFFFI. It IS cleared by 
reading the TSR or the TCSR (With TOF set) and 
then the counter high byte IS09I, or during reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) (S081. 


Bit 3 
Output Compare Flag 1 - 
OCF1 ISset when output 


compare 
register 
1 
matches 
the 
free-running 


counter. OCF1 is cleared by reading the TSR or the 
TCSR (With OCF1 set) and then writing 
to output 
compare register 1 (SOBor SOC),or during reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS 
REGISTER (TCSR) ($081. 


Bit 4 
Output Compare Flag 2 - 
OCF2 ISset when output 
compare 
register 
2 
matches 
the 
free-running 
counter. OCF2 is cleared by reading the TSR Iwith 
OCF2 setl 
and then writing 
to output 
compare 


register 2 (SlA or SlB), or dUring reset. 


Bit 5 
Output Compare Flag 3 - 
OCF3,s set when output 
compare 
register 
3 
matches 
the 
free-running 


counter 
OCF3 is cleared by reading the TSR (with 


OCF3 setl 
and then Writing to output 
compare 


register 3 (SlC or SlDI, or during reset. 


Bit 6 
Input Capture Flag 1 - 
ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR or the TCSR Iwith ICF1 setl and 
the Input capture register 1 high byte (SOD),or dur- 
Ing 
reset. 
Refer 
to 
TIMER 
CONTROL 
AND 
STATUS REGISTER (TCSR) ($08) 
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Bit 7 
Input Capture Flag 2 - 
ICF2 is set to indicate that a 
proper level transition hasoccurred; it is cleared by read- 
ing the TSR (with ICF2setl and the input capture register 
2 high byte ($IE). or during reset. 


ones or during reset. Software must provide for the required 
idle string between consecutive messagesand prevent it within 


messages. 


PROGRAMMABLE 
OPTIONS 


The following features of the SCI are programmable: 


• 
Format: standard mark/space (NRZ) or bi-phase 
• Clock: external or internal bit rate clock 
• 
Baud: one of eight per E clock frequency or external 
clock (x B desired baud) 


• Wake-Up Feature: enabled or disabled 
• 
Interrupt Requests: enabled individually for transminer 
and 
receiver 


• Clock Output: internal bit rate clock enabled or disabled 
to P22 


A full-duplex asynchronous serial communications interface 


(SCI) is provided with two data formats and a variety of rates. 
The SCI transmitter and receiver are functionally independent 
but use the same data format and bit rate. Serial data formats 
include standard mark/space (NRZ)and bi-phase. Both provide 
one start bit, eight data bits, and one stop bit. "Baud" and "bit 
rate" are used synonymously in the following description. 


WAKE-UP 
FEATURE 


In a typical serial loop multiprocessor configuration, the soft- 
ware protocol will usually identify the addressee(s) at the be- 
ginning of the message. In order to permit uninterested MPUs 
to ignore the remainder of the message, wake-up feature is 
included whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes idle. An SCI 
receiver is re-enabled by an idle string of eleven consecutive 


SERIAL COMMUNICATIONS 
REGISTERS 


The serial communications 
interface includes four address- 
able registers as depicted in Figure 22. It is controlled by the 
rate and mode contol register and the transmit/receive control 
and status register. Data is transmitted and received utilizing 


a write-only 
transmit 
register 
and a read-only 
receive 
register. 


The shift registers are not accessible to software. 


Sit 7 
Rate and Mode Control 
Register 
Bit 0 
EI 
~~$,O 


Clock 
Bit 
2 
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RATE AND MODE CONTROL 
REGISTER (RMCR) 
($101 
- 
The rate and mode control 
register controls 
the SCI bit 
rate, format, 
clock source, and under certain conditions, 
the 


configuration 
of P22. The register consists of five write-only 


bits which 
are cleared during reset. The two least significant 
bits in conjunction 
with bit 7 control 
the bit rate of the inter- 


nal clock and the remaining 
two bits control 
the format and 
clock source. 


RATE AND MODE CONTROL REGISTER 


7654 
3 
2 
1 
0 


~ 
CC1 I CCO I SS1 I SSO 
$10 


SSl:SS0 
Speed Select - 
These two bits select 


the baud when 
using the internal 
clock. 
Eight 


rates may be selected lin conjunction 
with bit 71 


which 
are a function 
of the MCU input frequen- 


cy. 
Table 
6 lists bit 
time 
and rates for 
three 


selected MCU frequencies. 


CC1:CCO Clock 
Control 
and Format 
Select 
- 


These two bits control 
the format and select the 
serial clock source. 
If CCl is set, the DDR value 


for P22 is forced to the complement 
of CCO and 


cannot be altered until CCl is cleared. 
If CCl is 
cleared after having been set, its DDR value is 
unchanged. 
Table 7 defines the formats, 
clock 
source, and use of P22. 


Not used. 


EBE Enhanced Baud Enable - 
ESE selects the 


standard MC6801 baud rates when clear and the 
additional 
baud rates when 
set !Table 61. This 


bit is cleared by reset and is a write-only 
control 


bit. 


ESE = 0 standard 
MC6801 baud rates 
ESE= 1 additional 
baud rates 


If both CCl and CCO are set, an external TTL-compatible 


clock 
must 
be connected 
to P22 at eight 
times 
(8 x) 
the 
desired bit rate, but not greater than E, with a duty cycle of 
50% I ± 10% I. If CC 1:CCO= 10, the internal bit rate clock is 
provided 
at P22 regardless of the values for TE or RE. 


NOTE 


The source of sel 
internal bit rate clock is the timer 
free-running 
counter. 
An MPU write to the counter 
in 
mode 0 can disturb serial operations. 


410- 
2.4576 MHz 
4.0 MHz 
4.9152 MHz 
EBE 
SS1:SS0 
614.4 kHz 
1.0 MHz 
1.2288MHz 
E 
Baud 
Time 
Baud 
Time 
Baud 
Time 


0 
0 
0 
~ 16 
38400.0 
26 ~s 
625000 
16.0 ~s 
768000 
13.0~s 


0 
0 
1 
~ 128 
48000 
208.3 ~s 
78125 
128.0~s 
9600.0 
104.2~s 
0 
1 
0 
~ 1024 
6000 
1.67 ms 
9766 
1.0:<4ms 
1200.0 
833.3 ~s 
0 
1 
1 
~4096 
150.0 
6.67 ms 
244.1 
4.096 ms 
3000 
3.33 ms 


1 
0 
0 
~64 
96000 
104.2~s 
156250 
64 ~s 
19200.0 
52.0 ~s 


1 
0 
1 
~256 
2400.0 
416.6~s 
39063 
256~s 
48000 
208.3 ~s 


1 
1 
0 
~512 
1200.0 
833.3 ~s 
1953.1 
512 ~s 
2400.0 
416.6 ~s 


1 
1 
1 
~2048 
300.0 
3.33 ms 
488.3 
2.05 ms 
600.0 
01.67 ms 


External IP221* 
76800.0 
13.0~s 
125000.0 
8.0 ~s 
1536000 
6.5 ~s 


Clock 
Port 2 
CC1:CCO 
Format 
Source 
Bit 2 


00 
Bi-Phase 
Internal 
Not Used 
01 
NRZ 
Internal 
Not Used 
10 
NRZ 
Internal 
Output 
11 
NRZ 
External 
Input 
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InA"'''MII/"~t;~IVE 
CONTROL AND 
STATUS 
REGISTER 
(TRCSR) ($11) 
- 
The transmit/receive 
control and status reg- 
ister controls 
the transmitter, 
receiver, wake-up feature, and 
two individual 
interrupts, and monitors the status of serial op- 
erations. All eight bits are readable while bits 0 to 4 are also 
writable. 
The register is initialized to $20 by RESET. 


TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 


76543210 


IAOAF IOAFEITOAE I AlE I 
AE I TIE I 
TE I wu I $11 


Bit 0 
"Wake-Up 
on Idle Line - 
When set, WU enables the 
wake-up function; 
it is cleared by eleven consecutive 
ones or during 
reset. WU will 
not be set if the line is 
idle. Refer to WAKE-UP FEATURE. 


Bit 1 Transmit Enable - 
When set, P24 OORbit is set, cannot 
be changed, and will remain set if TE is subsequently 
cleared. When TE is changed from clear to set, the trans- 
mitter is connected to P24 and a preamble of nine con- 
secutive ones is transmitted. 
TE is cleared during reset. 


Bit 2 
Transmit 
Interrupt 
Enable - 
When set, an IRQ2 is set; 


when clear, the interrupt is inhibited. TE is cleared during 
reset. 


Bit 3 
Receive Enable - 
When set, the P23 OOR bit is cleared, 
cannot be changed, and will remain clear if RE is sub- 
sequently 
cleared. While RE is set, the SCI receiver is 
enabled. RE is cleared during reset. 


Bit 4 
Receiver Interrupt Enable - 
When set, an IRQ2 interrupt 
is enabled when RORF and/or ORFE is set; when clear, 
the interrupt 
is inhibited. 
RIE is cleared during reset. 


Bit 5 
Transmit 
Data Register Empty - 
TORE is set when the 


transmit 
data register is transfered to the output serial 


shift register or during reset. It is cleared by reading the 
TRCSR (with TORE setl and then writing to the transmit 
data register. Additional 
data will be transmitted 
only if 
TORE has been cleared. 


Bit 6 
Overrun 
Framing Error - 
If set, ORFE indicates either 
an overrun 
or framing 
error. An overrun 
is a new byte 
ready to transfer to the receiver data register with RORF 
still set. A receiver framing error has occurred when the 
stop bit (1) is not found in the tenth bit time. An overrun 
can be distinguished 
from a framing 
error by the state 
of RORF: if RORF is set, then an overrun 
has occurred; 
otherwise, 
a framing 
error has been detected. 
Data is 
not transferred to the receive data register in an overrun 
condition. 
Unframed 
data causing 
a framing 
error 
is 


transferred 
to the receive data register. However, sub- 
sequent data transfer is blocked until the framing 
error 
flag is cleared. ORFE is cleared by reading the TRCSR 
(with ORFE setl then the receive data register, or during 
reset. 


Bit 7 
Receive Data Register Full - 
RORFis set when the input 
serial shift register is transferred to the receive data reg- 
ister, or during reset. 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the rate 
and mode control 
register 
and then to the transmit/receive 


control and status register. When TE is set, the output of the 
transmit 
serial shift 
register 
is connected 
to P24 and serial 
output is initiated 
by transmitting 
a 9-bit preamble of ones. 


At this point, one of two situations 
exists: 1) if the transmit 
data register is empty (TORE~ 11; a continuous 
string of ones 
will be sent indicating 
an idle line; or 2) if a byte has been 
written 
to the transmit 
data register (TOE~ 0). it will be trans- 
ferred to the output serial shift register (synchronized 
with the 
bit rate clock), TORE will be set, and transmission 
will begin. 


The start bit (0), eight data bits (beginning 
with bit 0), and a 
stop bit (1) will be transmitted. 
If TORE is still set when the 
next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start of 
each bit and at half-bit time when a one is sent. Receive op- 
eration is controlled 
by RE which configures 
P23 as an input 
and enables the receiver. SCI data formats 
are illustrated 
in 
Figure 23. 


Output 
Clock 


Data 
0 
0 
0 
' 0 


NAZ 


Format 


MOTOROLA 
MICROPROCESSOR 
DATA 


3·242 


to increment 
like a 16-bit counter causing address lines used 
in the expanded modes to increment 
until the device is reset. 


These opcodes 
have no mnemonics. 
The coding of the first lor onlyl 
byte corresponding 
to an 
executable 
instruction 
is sufficient 
to identify 
the instruction 
and the addressing 
mode. 
The hexadecimal 
equivalents 
of 
the binary codes, which 
result from the translation 
of the 82 
Instructions 
In all valid modes of addressing, 
are shown 
In 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes 


The 
MC68701 U4 is directly 
source 
compatible 
with 
the 
MC6801 
and 
upward 
source 
and 
object 
code 
compatible 
with 
the MC6800. 
Execution 
times of key instructions 
have 
been reduced and several instructions 
have been added, in- 


cluding 
a hardware 
multiply. 
A list of new operations 
added 
to the MC6800 instruction 
set is shown 
in Table 1 
In addition, 
two special opcodes, 
4E and 5E, are provided 
for test purposes. 
These opcodes force the program counter 


OP 
MNEM 
MODE 
- , OP 
MNEM 
MODE 
- 
• 
OP 
MNEM 
MODE 
- 
• 
OP 
MNEM 
MODE 
- 
• 
OP 
MNEM 
MODE 
- 
• 


00 
34 
DES 
INHEA 
3 
1 
68 
ASL 
INDXD 
6 
2 
9C 
CPX 
DIR 
5 
2 
DO 
SUBB 
DIR 
3 
2 


01 
NOP 
INHER 
2 
1 
35 
TXS 
3 
1 
69 
ROL I 


6 
2 
90 
JSR 


~ 


5 
2 
01 
CMPB 
3 
2 


02 
36 
P$HA 
3 
1 
6A 
DEC 
6 
2 
9E 
LDS 
4 
2 
02 
S8CB 
3 
2 


03 
37 
PSHB 
3 
1 
6B 
9F 
STS 
DIR 
4 
2 
03 
ACOD 
5 
2 


04 
LSRD 
3 
1 
36 
PUlX 
5 
1 
6C 
INC 
6 
2 
AO 
SUBA 
INOXQ 
4 
2 
04 
ANOS 
3 
2 


06 
A$LD 
3 
1 
39 
RTS 
5 
1 
60 
TST 
6 
2 
Al 
CMPA 
~ 


4 
2 
05 
BITB 
3 
2 


06 
TAP 
2 
1 
3A 
ABX 
3 
1 
6E 
JMP 
3 
2 
A2 
saCA 
4 
2 
06 
LDAS 
3 
2 


07 
TPA 
2 
1 
3B 
RT! 
10 
1 
6F 
CLR 
INoxa 
6 
2 
A3 
SUBD 
6 
2 
07 
STAB 
3 
2 


OB 
INX 
3 
1 
3C 
P$HX 
4 
1 
70 
NEG 
EXTND 
6 
3 
A4 
ANDA 
4 
2 
DB 
EORB 
3 
2 


09 
DEX 
3 
1 
3D 
MUL 
10 
1 
71 
A5 
BllA 
4 
2 
09 
ADCS 
3 
2 


OA 
CLV 
2 
1 
3E 
WAI 
9 
1 
72 . 
A6 
LDAA 
4 
2 
DA 
DRAB 
3 
2 


OB 
SEV 
2 
1 
3F 
SWI 
12 
1 
73 
COM 
6 
3 
A7 
STAA 
4 
2 
DB 
ADDB 
3 
2 


OC 
CLC 
2 
1 
40 
NEGA 
2 
1 
74 
LSR 
6 
3 
AB 
EORA 
4 
2 
DC 
LDD 
4 
2 


00 
SEC 
2 
1 
41 
75 
A9 
ADCA 
4 
2 
DO 
STO 
4 
2 


OE 
Cli 
2 
1 
42 
76 
ROR 
6 
3 
AA 
DRAA 
4 
2 
DE 
LOX 
4 
2 


OF 
SEI 
2 
1 
43 
COMA 
2 
1 
77 
ASR 
6 
3 
AB 
ADDA 
4 
2 
OF 
STX 
DIR 
4 
2 


10 
SBA 
2 
1 
44 
LSRA 
2 
1 
78 
ASL 
6 
3 
AC 
CPX 
6 
2 
EO 
SUBS 
I~DXD 
4 
2 


11 
CBA 
2 
1 
45 
79 
ROl 
6 
3 
AD 
J5R 
6 
2 
E1 
CMPB 
4 
2 


12 
46 
RORA 
2 
1 
7A 
DEC 
6 
3 
AE 
lDS 
5 
2 
E2 
S8CB 
4 
2 


13 
47 
A$RA 
2 
1 
7B 
AF 
STS 
INoxa 
5 
2 
E3 
ACOD 
6 
2 


14 
48 
ASlA 
2 
1 
7C 
'NC 
6 
3 
BO 
$UBA 
EXTND 
4 
3 
E4 
ANDB 
4 
2 


15 
49 
ROLA 
2 
1 
70 
TST 
6 
3 
Bl 
CMPA 
4 
3 
E5 
BIT8 
4 
2 


16 
TAB 
2 
1 
4A 
CECA 
2 
1 
7E 
JMP 
3 
3 
B2 
saCA 
4 
3 
E6 
LDAS 
4 
2 


17 
TBA 
2 
1 
4B 
7F 
CLR 
EXTNO 
6 
3 
B3 
SUBD 
6 
3 
E7 
STAB 
4 
2 


lB 
4C 
INCA 
2 
1 
80 
SUBA 
IMMED 
2 
2 
B4 
ANDA 
4 
3 
EB 
EORB 
4 
2 


19 
DAA 
INHER 
2 
1 
40 
TSlA 
2 
1 
81 
CMPA 
2 
2 
85 
BIlA 
4 
3 
E9 
ADCS 
4 
2 


lA . 
4E 
T 
82 
SBCA 
2 
2 
86 
LDAA 
4 
3 
E. 
DRAB 
4 
2 


18 
A8A 
INHER 
2 
1 
4F 
CLRA 
2 
1 
83 
SUBD 
4 
3 
87 
STAA 
4 
3 
E8 
ADDS 
4 
2 


lC 
50 
NEGB 
2 
1 
84 
ANDA 
2 
2 
B8 
EORA 
4 
3 
EC 
LDD 
5 
2 


10 
51 
85 
BllA 
2 
2 
89 
ACCA 
4 
3 
ED 
STO 
5 
2 


1E 
52 
86 
LDAA 
2 
2 
BA 
QRAA 
4 
3 
EE 
lOX 
5 
2 


lF 
53 
COMB 
2 
1 
87 
B8 
ADDA 
4 
3 
EF 
STX 
INOXO 
5 , 


20 
8RA 
REl 
3 
2 
54 
LSRB 
2 
1 
88 
EORA 
2 
2 
BC 
CPX 
6 
3 
FO 
SUBB 
EXTND 
4 
3 


21 
8RN 
3 
2 
65 
89 
ADCA 
2 
2 
80 
JSR 
6 
3 
Fl 
CMPB 
4 
3 


22 
8HI 
3 
2 
56 
RORB 
2 
1 
8A 
DRAA 
2 
2 
8E 
lOS 
5 
3 
F2 
SBCS 
4 
3 


23 
8LS 
3 
2 
57 
ASRB 
2 
1 
88 
ADDA 
2 
2 
8F 
ST' 
EXIND 
5 
3 
F3 
ADDO 
6 
3 


24 
BCC 
3 
2 
68 
ASLB 
2 
1 
8C 
CPX 
IMMEO 
4 
3 
CO 
SUBS 
IMMED 
2 
2 
F4 
ANOB 
4 
3 


25 
8CS 
3 
2 
59 
ROLB 
2 
1 
80 
8SR 
REl 
6 
2 
Cl 
CMPB 
2 
2 
F5 
BITB 
4 
3 


26 
BNE 
3 
2 
5A 
DECS 
2 
1 
8E 
LOS 
IMMED 
3 
3 
C2 
SSC8 
2 
2 
F6 
LDAB 
4 
3 


27 
8EO 
3 
2 
58 
8F 
C3 
AOOD 
4 
3 
F7 
STAB 
4 
3 


28 
BVC 
3 
2 
5C 
INCB 
2 
1 
90 
SUSA 
DIR 
3 
2 
C4 
ANDB 
2 
2 
F8 
EORB 
4 
3 


29 
8VS 
3 
2 
50 
TST8 
2 
1 
91 
CMPA 
3 
2 
C5 
BITS 
2 
2 
F9 
ADCB 
4 
3 


2A 
8PL 
3 
2 
5E 
T 
92 
SBCA 
3 
2 
C6 
LDAS 
2 
2 
fA 
DRAB 
4 
3 


2B 
8MI 
3 
2 
5F 
CLRB 
INHER 
2 
1 
93 
SUBD 
5 
2 
C7 
FB 
ADDB 
4 
3 


2C 
8GE 
3 
2 
60 
NEG 
INDXD 
6 
2 
94 
ANDA 
3 
2 
C8 
EORB 
2 
2 
FC 
LOD 
5 
3 


20 
8lT 
3 
2 
61 I 


95 
BITA 
3 
2 
C9 
ADCB 
2 
2 
FD 
5TD 
5 
3 


2E 
8GT 
3 
2 
62 
95 
LDAA 
3 
2 
CA 
DRAB 
2 
2 
FE 
LOX 
5 
3 


2F 
8lE 
REl 
3 
2 
63 
COM 
6 
2 
97 
STAA 
3 
2 
CB 
ADDB 
2 
2 
FF 
STX 
EXTNO 
5 
3 


30 
TSX 
INHER 
3 
1 
64 
LSR 
6 
2 
9B 
EORA 
3 
2 
CC 
lDD 
3 
3 


31 
INS 


~ 


3 
1 
65 
99 
ADCA 
3 
2 
CD 
.• UNDEFINED 
OP 
CODE 


32 
PULA 
4 
1 
66 
ROR 
6 
2 
9A 
DRAA 
3 
2 
CE 
lOX 
IMMED 
3 
3 


33 
PULB 
4 
1 
67 
ASR 
INDXD 
6 
2 
98 
ADDA 
3 
2 
CF 


NOTES 


1. Addressing 
Modes 


INHER •• Inherent 
INDXD_lndBxed 
IMMED •• Immediate 


REL- 
Relative 
EXTND 0; Extended 
DIR -Direct 


2. Unassigned 
opcodes are indicated 
by"." 
and should not be executed 
3. Codes marked 
by 'IT" 
force the PC to function 
as a 16-bit counter 


• 
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PROGRAMMING 
MODEL 


A programming 
model 
for the MC68701U4 
is shown 
in 
Figure 
8. 
Accumulator 
A can 
be concatenated 
with 
ac- 
cumulator 
B and jointly 
referred to as accumulator 
D where 
A is the most significant 
byte. Any operation which modifies 


the 
double 
accumulator 
will 
also modify 
accumulators 
A 


and/or 
B. Other registers are defined as lollows: 


PROGRAM 
COUNTER - 
The program counter 
is a 16-bit 


register which 
always points to the next instruction. 


STACK 
POINTER - 
The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/ 
pullup 
III FO) 
queue. 
The 
stack 
resides 
in 


random-access 
memory 
at a location 
defined 
by the pro- 


grammer. 


INDEX REGISTER - 
The index register is 3 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


ACCUMULATORS 
- 
The MPU contains 
two 
8-bit 
ac- 


cumulators, 
A and B, which are used to store operands and 


results from the arithmetic 
logic unit (ALU). They can also be 
concatenated 
and referred to as the D (double) accumulator. 


CONDITION 
CODE 
REGISTER 
- 
The condition 
code 


register indicates 
the results of an instruction 
and includes 


the 
following 
five 
condition 
bits: 
negative 
IN), 
zero IZ), 


overflow 
IV), 
carry/borrow 
from 
MSB 
IC), and half carry 


from 
bit 3 IHl. 
These bits are testable 
by the conditional 


branch instructions. 
Bit 4 is the interrupt 
mask (I bill and in- 


hibits all maskable interrupts when set. The two unused bits, 
B6 and B7, are read as ones. 


ADDRESSING 
MODES 


Six addressing 
modes can be used to reference memory. 


A 
summary 
of 
addressing 
modes 
for 
all instructions 
is 


presented in Tables 9, 10, 11, and 12 where execution 
times 
are provided 
in E cycles. 
Instruction 
execution 
times 
are 
summarized 
in Table 13. With an input frequency 
of 4 MHz, 


one E cycle is equivalent 
to one microsecond. 
A cycle-by- 


cycle description 
of bus activity 
for each instruction 
is pro- 


vided in Table 14 and descriptions 
of selected instructions 
are shown 
in Figure 24. 


IMMEDIATE 
ADDRESSING 
- 
The 
operand 
or 
"im- 


mediate byte(s)" 
is contained 
in the following 
byte(s) of the 


instruction 
where the number 
of bytes matches 
the size of 


the register. 
These are two Or three byte instructions. 


DIRECT ADDRESSING 
- 
The least significant 
byte of the 


operand 
address is contained 
in the second 
byte of the in- 


struction 
and the most significant 
byte is assumed to be $00. 


Direct addressing allows the user to access $00 through 
$FF 
using two byte instructions 
and execution 
time is reduced by 
eliminating 
the additional 
memory 
access. In most applica- 


tions, the 256-byte area is reserved for frequently 
referenced 
data. 


EXTENDED ADDRESSING 
- 
The s('cond and third bytes 
of 
the 
instruction 
contain 
the 
absolute 
address 
of 
the 
operand. 
These are three byte instructions. 


INDEXED 
ADDRESSING 
- 
The 
unsigned 
offset 
con- 


tained in the second 
byte of the instruction 
is added with 


carry to the index register and is used to reference memory 
without 
changing 
the index register. 
These are two byte in- 
structions. 


INHERENT ADDRESSING 
- 
The operand(s) 
is a register 


and no memory reference is required. 
These are single byte 
instructions. 


RELATIVE ADDRESSING 
- 
Relative addressing 
is used 


only for branch instructions. 
If the branch condition 
is true, 


the program counter 
is overwritten 
with the sum of a signed 
single byte displacement 
in the second byte of the instruc- 
tion 
and 
the 
current 
program 
counter. 
This 
provides 
a 
branch range of - 126 to + 129 bytes from the first byte of 
the instruction. 
These are two byte instructions. 


SUMMARY 
OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description 
of the information 
present 
on the address 
bus, data bus, and the read/write 
IR/W) 
line during each cycle of each instruction. 


The information 
is useful 
in comparing 
actual 
with 
ex- 


pected results during debug of both software 
and hardware 
as the program is executed. 
The information 
is categorized 
in 
groups according 
to addressing mode and number of cycles 


per instruction. 
In general, 
instructions 
with 
the same ad- 


dressing 
mode and number 
of cycles execute 
in the same 


manner. 
Exceptions 
are indicated 
in the table. 


Note 
that 
during 
M PU reads of 
internal 
locations, 
the 


resultant 
value will not appear on the external 
data bus ex- 


cept in mode O. "High 
order" 
byte refers to the most signifi- 
cant byte of a 16-bit value. During unused bus cycles, the ad- 
dress bus is forced to $FFFF and R/W 
is high. 
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Condition 
Codes 


Immed 
Direct 
Index 
Extend 
Inherent 
Booteanl 
5 
4 
3 
2 
1 
0 


Pointer 
Operations 
MNEM Op - , Op - , Op - , Op - , ')p - , 
Arithmetic 
Operation 
H 
I 
N 
Z 
V 
C 


Compare 
Index 
Register 
CPX 
8C 
4 
3 
9C 
5 
2 
AC 
6 
2 
BC 
6 
3 
X- 
M:M+ 
1 
· · I I I I 


Decrement 
Index 
Register 
DEX 
09 
3 
1 
X-l-X 
· · · I · · 


Decrement 
Stack 
Pointer 
DES 
34 
3 
1 
SP-l-SP 
· · · · · · 


Increment 
Index 
Register 
INX 
00 
3 
1 
X+l-X 
· · · I · · 


Increment 
Stack 
Pointer 
INS 
31 
3 
1 
1 SP+l-SP 
· · · · · · 


load 
Index 
Register 
LOX 
CE 3 
3 
DE 4 
2 
EE 5 
2 
FE 
5 
3 
M-XH.lM+lI-XI 
·· 
I 
R · 


load 
Stack 
Pointer 
LDS 
8E 
3 
3 
9E 
4 
2 
AE 
5 
2 
BE 
5 
3 
M-SPH.IM+ll-SPL 
· · 
I 
R · 


Store 
Index 
Register 
STX 
DF 
4 
2 
EF 
5 
2 
FF 
5 
3 
XH-M,Xl-IM+ll 
· · 
I 
R · 


Store 
Stack 
Pointer 
STS 
9F 
4 
2 
AF 
5 
2 
BF 
5 
3 
SPH-M.SPL 
-IM+lI 
· · 
I 
R · 
Index 
Reg - 
Stack. 
Pointer 
TXS 
35 
3 
1 
X-l-SP 
· · · · · · 


Stack 
Pntr -Index 
Register 
TSX 
30 
3 
1 
SP+l-X 
· · · · · · 


Add 
ABX 
3A 
3 
1 
8+X-X 
· · · · · · 


Push 
Data 
PSHX 
3C 
4 
1 
XL -MSp.SP 
I-SP 
· · · · · · 
XH - 
MSp.SP- 
1- 
SP 


Pull Data 
PULX 
38 
5 
1 
SP+ I-SP.MSp-XH 
· · · · · · 
SP+ 1- 
SP.MSp - 
XL 


Condition 
Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM Op - , Op 
- , Op 
- , Op 
- , Op 
- , 
Expression 
H 
I 
N 
Z 
V 
C 


Add 
Accumulators 
ABA 
lB 
2 
1 
A+B-A 
I · I I I I 


AddBtoX 
ABX 
3A 
3 
1 
OO:B+X-X 
· · · · · · 


Add 
with 
Carry 
ADCA 
89 
2 
2 
99 
3 
2 
A9 
4 
2 
B9 
4 
3 
A+M+C-A 
· 
ADCB 
C9 
2 
2 
D9 
3 
2 
E9 
4 
2 
F9 
4 
3 
B+M+C-B 
· 
Add 
ADDA 
8B 
2 
2 
9B 
3 
2 
AB 
4 
2 
BB 
4 
3 
A+M-A 
· 


ADDB CB 
2 
2 
DB 
3 
2 
EB 
4 
2 
FB 
4 
3 
B+M-A 
· 


Add 
Double 
ADDD 
C3 
4 
3 
D3 
5 
2 
E3 
6 
2 
F3 
6 
3 
D+M:M+l-0 
· · 
And 
ANDA 
B4 
2 
2 
B4 
3 
2 
A4 
4 
2 
B4 
4 
3 
A·M-A 
· · 


R · 
AN DB C4 
2 
2 
D4 
3 
2 
E4 4 
2 
F4 
4 
3 
B·M-B 
· · 


R · 


Shift 
left. 
Arithmetic 
ASL 
58 
6 
2 
7B 
6 
3 
- 
· · 
ASLA 
48 
2 
1 
B-111111111 
-0 · · 
ASLB 
58 
2 
1 
b7 
bO 
· · 


Shift 
left 
Double 
ASLD 
05 
3 
1 
· · 


Shift 
Right, 
Arithmetic 
ASR 
67 
6 
2 
77 
6 
3 
qillillll-@] · · 
ASRA 
47 
2 
1 
· · I I I I 


ASRB 
57 
2 
1 
b7 
bO 
· · I I I I 


8it 
Test 
BITA 
B5 
2 
2 
95 
3 
2 
A5 
4 
2 
B5 
4 
3 
A·M 
· · 


R · 
BITB 
C5 
2 
2 
D5 
3 
2 
E5 
4 
2 
F5 
4 
3 
B·M 
· · I I 
R · 


Compare 
Accumulators 
CBA 
11 
2 
1 
A-B 
· · I I I I 


Clear 
CLR 
6F 
6 
2 
7F 
6 
3 
OO-M 
· · 


R 
S 
R 
R 


CLRA 
4F 
2 
1 
OO-A 
· · 


R 
S 
R 
R 


CLRB 
5F 
2 
1 
OO-B 
· · 


R 
S 
R 
R 


Compare 
CMPA 
Bl 
2 
2 
91 
3 
2 
Al 
4 
2 
Bl 
4 
3 
A-M 
· · 
I 


CMPB Cl 
2 
2 
Dl 
3 
2 
El 
4 
2 
Fl 
4 
3 
B-M 
· · I I I I 


l's 
Complement 
COM 
63 
6 
2 
73 
6 
3 
M-M 
· · I I 
R 
S 


COMA 
43 
2 
1 
A-A 
· · I I 
R 
S 


COMB 
53 
2 
1 
B-B 
· · I I 
R 
S 


I 
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Condition Codes 


Accumulator 
and 
Immed 
Direct 
Index 
Extend 
Inher 
Boolean 
5 
4 
3 
2 
1 
0 


Memory 
Operations 
MNEM 
Op 
- , Op 
- , Op 
- , Op 
, Op 
, 
Expression 
H 
I 
N 
2 
V 
C 


Decimal 
AdJust, 
A 
OAA 
19 
2 
I 
Ad) binary sum to BCD 
· · I I I I 


Decrement 
OEC 
6A 
6 
2 
7A 
6 
3 
M-l-M 
· · I I I · 


DECA 
4A 
2 
1 
A-I-A 
· · I I I · 


DECB 
5A 
2 
1 8-1-8 
· · I I I · 


ExclUSIve 
OR 
EORA 
88 
2 
2 
9B 
3 
2 
A8 
4 
2 
B8 
4 
3 
AlBM-A 
· · I I 
R · 


EORB 
CB 
2 
2 
D8 
3 
2 
E8 
4 
2 
F8 
4 
3 
BlBM-B 
· · I I 
R · 


Increment 
INC 
6C 
6 
2 
7C 
6 
3 
M+l-M 
· · I I I · 


INCA 
4C 
2 
I 
A+l-A 
· · I I I · 


INCB 
5C 
2 
I 
8+1-8 
· · I I I · 


Load 
Accumulators 
LDAA 
86 
2 
2 
96 
3 
2 
A6 
4 
2 
B6 
4 
3 
M-A 
· · I I 
R · 


LDAB 
C6 
2 
2 
D6 
3 
2 
E6 
4 
2 
F6 
4 
3 
M-B 
· · I I 
R · 


Load Double 
LDD 
CC 
3 
3 
DC 
4 
2 
EC 
5 
2 
FC 
5 
3 
M.M+l-D 
· · I I 
R · 


logical 
Shift, 
Left 
LSL 
68 
6 
2 
78 
6 
3 
· · I I I I 
- 
· · I I I I 
LSLA 
48 
2 
I 
@] -illlllill 
-0 


LSLB 
58 
2 
1 
b) 
bO 
· · I I I I 


LSLD 
05 
3 
2 
· · I I I I 


Shift 
Right. 
Logical 
LSR 
64 
6 
2 
74 
6 
3 
- 
· · 


R I I I 


LSRA 
44 
2 
1 
o-IIIIIIIII-@ 
· · 


R I I I 


LSRB 
54 
2 
1 
b) 
bO 
· · 


R I I I 


LSRD 
04 
3 
1 
· · 


R I I I 


Multiply 
MUL 
3D 
10 
1 
AxB-O 
· · · · · I 


2'5 Complement 
lNegate) 
NEG 
60 
6 
2 
70 
6 
3 
00- 
M 
M 
· · I I I I 


NEGA 
40 
2 
1 
OO-A-A 
· · I I I I 


NEGB 
50 
2 
1 
00- 
B- 
B 
· · I I I I 


No OperatIon 
NOP 
01 
2 
1 
PC+l-PC 
· · · · · · 


InclUSive 
OR 
ORAA 
8A 
2 
2 
9A 
3 
2 
AA 
4 
2 
BA 
4 
3 
A+M-A 
· · I I 
R · 
ORAB 
CA 
2 
2 
DA 
3 
2 
EA 
4 
2 
FA 
4 
3 
B+M 
B 
· · I I 
R · 


Push 
Data 
PSHA 
36 
3 
1 
A- 
Stack 
· · · · · · 


PSHB 
37 
3 
1 
B-Stack 
· · · · · · 


Pull Data 
PULA 
32 
4 
1 
Stack-A 
· · · · · · 
PULB 
33 
4 
1 
Stack-B 
· · · · · · 
Rotate left 
ROL 
69 
6 
2 
79 
6 
3 
- 
· · I I I I 


ROLA 
49 
2 
1 [9-iIIIIIIII-19 
· · I I I I 


ROLB 
59 
2 
1 
b) 
bO 
· · I I I I 


Rotale 
RighI 
ROR 
66 
6 
2 
76 
6 
3 
- 
· · I I I I 


RORA 
46 
2 
1 
@-IIIIIIII~@ 
· · I I I I 


RORB 
58 
2 
1 
b) 
bO 
· · I I I I 


Subtract 
Accumulator 
SBA 
10 
2 
1 
A-B-A 
· · I I I I 


Subtract 
with 
Carry 
SBCA 
B2 
2 
2 
92 
3 
2 
A2 
4 
2 
B2 
4 
3 
A-M-C-A 
· · I I I I 


SBCB 
C2 
2 
2 
D2 
3 
2 
E2 
4 
2 
F2 
4 
3 
B-M-C-B 
· · I I I I 


Store 
Accumulators 
STAA 
97 
3 
2 
A7 
4 
2 
B7 
4 
3 
A-M 
· · I I 
R · 
STAB 
D7 
3 
2 
E7 
4 
2 
F7 
4 
3 
B-M 
· · I I 
A · 
STD 
OD 
4 
2 
ED 
5 
2 
FD 
5 
3 
D-M:M+l 
· · I I 
R · 
Subtract 
SUBA 
SO 
2 
2 
90 
3 
2 
AO 
4 
2 
BO 
4 
3 
A-M-A 
· · I I I I 


SUBB 
CO 
2 
2 
DO 
3 
2 
EO 
4 
2 
FO 
4 
3 
B-M-B 
· · I I I I 


Subtract 
Double 
SUBD 
83 
4 
3 
93 
5 
2 
A3 
6 
2 
B3 
6 
3 
D-MM+l-O 
· · I I I I 


T raosfer 
Accumulator 
TAB 
16 
2 
I 
A 
B 
· · I I 
R · 
TBA 
17 
2 
1 
B-A 
· · I I 
R · 
Test. 
Zero 
or Minus 
TST 
6D 
6 
2 
7D 
6 
3 
M-OO 
· · I I 
R 
R 


TSTA 
4D 
2 
1 
A-OO 
· · I I 
R 
R 


TSTB 
5D 
2 
I 
B-OO 
· · I I 
R 
A 
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Condrtion 
Code 
Reg. 


Direct 
Relative 
Index 
Extend 
Inherent 
5 
4 
3 
2 
1 
0 


Operations 
MNEM Dp - , Dp , Dp - , Dp - , Dp - , 
Branch 
Test 
H 
I 
N 
2 
V 
C 


Branch 
Always 
BAA 
20 
3 
2 
None 
· · · · · · 
Branch 
Never 
BAN 
21 
3 
2 
None 
· · · · · · 


Branch 
If Carry 
Clear 
BCC 
24 
3 
2 
C=O 
· · · · · · 
Branch 
It Carry 
Set 
BCS 
25 
3 
2 
C=1 
· · · · · · 
B ranch 
If - Zero 
BED 
27 
3 
2 
Z=1 
· · · · · · 
B ranch 
If ~ Zero 
BGE 
2C 
3 
2 
NEIl V=O 
· · · · · · 
Branch 
If >Zero 
BGT 
2E 
3 
2 
Z+IN 
Ell VI=O 
· · · · · · 


Branch 
If Higher 
BHI 
22 
3 
2 
C+Z=O 
· · · · · · 
Branch 
If Higher 
or Same 
BHS 
24 
3 
2 
C=O 
· · · · · · 
Branch 
If 
sZero 
BlE 
2F 
3 
2 
Z+IN 
Ell VI= 1 
· · · · · · 


Branch 
If Carry 
Set 
BlD 
25 
3 
2 
C=1 
· · · · · · 


Branch 
It Lower 
Or Same 
BlS 
23 
3 
2 
C+Z=1 
· · · · · · 


Branch 
If < Zero 
BlT 
20 
3 
2 
NEIl V= 1 
· · · · · · 
Branch 
If Minus 
BMI 
2B 
3 
2 
N=1 
· · · · · · 


Branch 
If Not 
Equal 
Zero 
BNE 
26 
3 
2 
Z=O 
· · · · · · 


Branch 
If OverflOw 
Clear 
BVC 
ZB 
3 
2 
V=O 
· · · · · · 


Branch 
If Overflow 
Set 
BVS 
29 
3 
2 
V=1 
· · · · · · 


Branch 
If Plus 
BPl 
2A 
3 
2 
N-O 
· · · · · · 


Branch 
To 
Subroutine 
BSA 
BO 
6 
2 
· · · · · · 


Jump 
JMP 
6E 
3 
2 
7E 
3 
3 
See SpecIal 
Operations-Figure 
24 · · · · · · 


Jump 
To 
Subroutine 
JSA 
90 
5 
2 
AD 6 
2 
BD 
6 
3 
· · · · · · 


No Operation 
NOP 
01 
2 
1 
· · · · · · 


Return 
From 
Interrupt 
AT! 
3B 
10 
1 
II I I I I I 


Return 
From 
Subroutine 
ATS 
39 
5 
1 
See Special 
Operations-FIgure 
24 
• · · · · · 


Software 
Interrupt 
SWI 
3F 
12 
1 
· 


S · · · · 


Walt 
For Interrupt 
WAI 
3E 
9 
1 
· · · · · · 


Condition 
Code Register 


Inherent 
5 
4 
3 
2 
1 
0 
Operations 
MNEM 
Op - 
# 
Boolean Operation 
H 
I 
N 
Z 
V 
C 


Clear Carry 
CLC 
OC 
2 
1 
O-C 
· · · · · 


R 


Clear Interrupt 
Mask 
CLI 
OE 
2 
1 
0-1 
· 


R · · · · 
Clear Overflow 
CLV 
OA 
2 
1 
O-V 
· · · · 


R · 
Set Carry 
SEC 
OD 
2 
1 
1-C 
· · · · · 


S 


Set Interrupt 
Mask 
SEI 
OF 
2 
1 
1-1 
· 


S · · · · 
Set Overflow 
SEV 
OB 
2 
1 
1 
V 
· · · · 


S · 


Accumulator 
A - 
CCR 
TAP 
06 
2 
1 
A-CCR 
I 
I 
I 
I 
I 
I 


CCR - 
Accumulator 
A 
TPA 
07 
2 
1 
CCR-A 
· · · · · · 


CONDITION 
CODE SYMBOLS 


H 
Half-carry 
from bit 3 


I 
Interrupt 
mask 
N 
Negative 
(sign bit) 


Z 
Zero I by tel 
V 
Overflow, 
2' s complement 


C 
Carry/ Borrow 
from 
MSB 
R 
Reset Always 


S 
Set Always 
I 
Affected 


• 
Not Affected 


Operation 
Code (Hexadecimal) 


Number 
of MPU 
Cycles 


Contents 
of memory 
location 
pointed 
to by Stack Pointer 


Number 
of Program 
Bytes 


Arithmetic 
Plus 


Artthmetic 
Minus 


Boolean 
AND 


X 
Arithmetic 
Multiply 


+ 
Boolean 
Inclusive OR 


Ell 
Boolean 
Exclusive OR 
M 
Complement 
of M 
Transfer 
Into 
o 
Bit=Zero 
00 
Byte= 
Zero 


II 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-247 


• 


ADDRESSING 
MODE 
! 
." 
.. 
C 
•. 
'6 
•. 
." 
U 
." 
•. 
! 
> 
•. 
c 
" 


.., 
E 
! 
! 
•. 
•. 
.. 


.§ 
0 
" 
." 
.r:; 
Ii 
w 
.: 
.: 
a: 


ABA 
• 
• 
• 
• 
2 
• 
ABX 
• 
• 
• 
• 
3 
• 
ADC 
2 
3 
4 
4 
• 
• 
ADD 
2 
3 
4 
4 
• 
• 
AD DO 
4 
5 
6 
6 
• 
• 
AND 
2 
3 
4 
4 
• 
• 
ASL 
• 
• 
6 
6 
2 
• 
ASLD 
• 
• 
• 
• 
3 
• 
ASR 
• 
• 
6 
6 
2 
• 
BCC 
• 
• 
• 
• 
• 
3 


BCS 
• 
• 
• 
• 
• 
3 


BEG 
• 
• 
• 
• 
• 
3 


BGE 
• 
• 
• 
• 
• 
3 


BGT 
• 
• 
• 
• 
• 
3 


BHI 
• 
• 
• 
• 
• 
3 


BHS 
• 
• 
• 
• 
• 
3 


BIT 
2 
3 
4 
4 
• 
• 
BLE 
• 
• 
• 
• 
• 
3 


BLO 
• 
• 
• 
• 
• 
3 


BLS 
• 
• 
• 
• 
• 
3 


BLT 
• 
• 
• 
• 
• 
3 


BMI 
• 
• 
• 
• 
• 
3 
BNE 
• 
• 
• 
• 
• 
3 
BPL 
• 
• 
• 
• 
• 
3 


BRA 
• 
• 
• 
• 
• 
3 


BRN 
• 
• 
• 
• 
• 
3 


BSR 
• 
• 
• 
• 
• 
6 


BVC 
• 
• 
• 
• 
• 
3 
BVS 
• 
• 
• 
• 
• 
3 


CBA 
• 
• 
• 
• 
2 
• 
CLC 
• 
• 
• 
• 
2 
• 
CLI 
• 
• 
• 
• 
2 
• 
CLR 
• 
• 
6 
6 
2 
• 
CLV 
• 
• 
• 
• 
2 
• 
CMP 
2 
3 
4 
4 
• 
• 
COM 
• 
• 
6 
6 
2 
• 
CPX 
4 
5 
6 
6 
• 
• 
DAA 
• 
• 
• 
• 
2 
• 
DEC 
• 
• 
6 
6 
2 
• 
DES 
• 
• 
• 
• 
3 
• 
DEX 
• 
• 
• 
• 
3 
• 
EOR 
2 
3 
4 
4 
• 
• 
INC 
• 
• 
6 
6 
• 
• 
INS 
• 
• 
• 
• 
3 
• 


ADDRESSING 
MODE 


! 
." 
•. 
•. 
." 
C 
•. 
'6 
U 
." 
•. 
! 
.~ 
•. 
c 
" 
E 
! 
! 
•. 
•. 
.. 


.§ 
" 
." 
.r:; 
Ii 
0 
w 
.: 
.: 
a: 


INX 
• 
• 
• 
• 
3 
• 
JMP 
• 
• 
3 
3 
• 
• 
JSR 
• 
5 
6 
6 
• 
• 
LOA 
2 
3 
4 
4 
• 
• 
LDD 
3 
4 
5 
5 
• 
• 
LOS 
3 
4 
5 
5 
• 
• 
LOX 
3 
4 
5 
5 
• 
• 
LSL 
• 
• 
6 
6 
2 
• 
LSLD 
• 
• 
• 
• 
3 
• 
LSR 
• 
• 
6 
6 
2 
• 
LSRD 
• 
• 
• 
• 
3 
• 
MUL 
• 
• 
• 
• 
10 
• 
NEG 
• 
• 
6 
6 
2 
• 
NOP 
• 
• 
• 
• 
2 
• 
ORA 
2 
3 
4 
4 
• 
• 
PSH 
• 
• 
• 
• 
3 
• 
PSHX 
• 
• 
• 
• 
4 
• 
PUL 
• 
• 
• 
• 
4 
• 
PULX 
• 
• 
• 
• 
5 
• 
ROL 
• 
• 
6 
6 
2 
• 
ROR 
• 
• 
6 
6 
2 
• 
RTI 
• 
• 
• 
• 
10 
• 
RTS 
• 
• 
• 
• 
5 
• 
SBA 
• 
• 
• 
• 
2 
• 
SBC 
2 
3 
4 
4 
• 
• 
SEe 
• 
• 
• 
• 
2 
• 
SEI 
• 
• 
• 
• 
2 
• 
SEV 
• 
• 
• 
• 
2 
• 
STA 
• 
3 
4 
4 
• 
• 
STD 
• 
4 
5 
5 
• 
• 
STS 
• 
4 
5 
5 
• 
• 
STX 
• 
4 
5 
5 
• 
• 
SUB 
2 
3 
4 
4 
• 
• 
SUBD 
4 
5 
6 
6 
• 
• 
SWI 
• 
• 
• 
• 
12 
• 
TAB 
• 
• 
• 
• 
2 
• 
TAP 
• 
• 
• 
• 
2 
• 
TBA 
• 
• 
• 
• 
2 
• 
TPA 
• 
• 
• 
• 
2 
• 
TST 
• 
• 
6 
6 
2 
• 
TSX 
• 
• 
• 
• 
3 
• 
TXS 
• 
• 
• 
• 
3 
• 
WAI 
• 
• 
• 
• 
9 
• 
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Add ••• 
Mode 
and 


Instructions 


IMMEDIATE 


R/W 
Line 


ADC 
EOR 
2 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Operand 
Data 


AND 
ORA 
BIT 
SBC 
CMP 
SUB 


LOS 
3 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address + 1 
1 
Operand 
Data (High 
Order 
Byte) 


LDD 
3 
Opcode 
Address + 2 
1 
Operand 
Data (Low 
Order 
Byte) 


CPX 
4 
1 
Opcode 
Address 
1 
Upcode 


SUBD 
2 
Opcode 
Address + 1 
1 
Operand 
Data (High 
Order 
Byte) 


ADDD 
3 
Opcode 
Address + 2 
1 
Operand 
Data (Low 
Order 
Byte) 


4 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


ADC 
EOR 
3 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 


AND 
ORA 
3 
Address 
of Operand 
1 
Operand 
Data 


BIT 
SBC 
CMP 
SUB 


STA 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Destination 
Address 


3 
Destination 
Address 
0 
Data from Accumulator 


LOS 
4 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 


LDD 
3 
Address 
of Operand 
1 
Operand 
Data 
(High 
Order 
Byte) 


4 
Operand 
Address + 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
4 
1 
Opcode 
Address 
1 
Opcode 


STX 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 


STD 
3 
Address 
of Operand 
0 
Register 
Data (High 
Order 
Byte) 


4 
Address 
of Operand + 1 
0 
Register 
Data (Low 
Order 
By tel 


CPX 
5 
1 
Opcode 
Address 
1 
Opcode 


SUBD 
2 
Opcode 
Address + 1 
1 
Address 
of Operand 


ADDD 
3 
Operand 
Address 
1 
Operand 
Data (High 
Order 
Byte) 


4 
Operand 
Address + 1 
1 
Operand 
Data (Low 
Order 
Byte) 


5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


JSR 
5 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address + 1 
1 
Irrelevant 
Data 


3 
Subroutine 
Address 
1 
First Subroutine 
Opcode 


4 
Stack Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


5 
Stack 
Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 
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• 


II 


""'''''UIeRN' MOO8 
ana 


Instructions 


EXTENDED 


JMP 
3 
1 
Opcode 
Address 
, 
Opcode 


2 
Opcode 
Address + 1 
1 
Jump 
Address 
(High 
Order 
Byte) 
3 
Opcode 
Address 
+ 2 
1 
Jump 
Address 
(Low 
Order 
Byte) 


ADC 
EOR 
4 
1 
Opcode 
Address 
1 
Opcode 


ADD 
LOA 
2 
Opcode 
Address + 1 
, 
Address 
of Operand 


AND 
ORA 
3 
Opcode 
Address + 2 
, 
Address 
of Operand 
(Low 
Order 
Byte) 


BIT 
SBC 
4 
Address 
of Operand 
, 
Operand 
Data 


CMP 
SUB 


STA 
4 
1 
Opcode 
Address 
, 
Opcode 


2 
Opcode 
Address+ 
1 
, 
Destination 
Address 
(High 
Order 
Byte) 


3 
Opcode 
Address+ 
2 
, 
Destination 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Destination 
Address 
0 
Data from Accumulator 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 


LOX 
2 
Opcode 
Address+' 
1 
Address 
of Operand 
(High 
Order 
Byte) 


LDD 
3 
Opcode 
Address 
+ 2 
, 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
t 
O~erand 
Data 
(High 
Order 
Byte) 


5 
Address 
of Operand 
+ , 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
, 
Opcode 
Address 
1 
Opcode 
STX 
2 
Opcode 
Address 
+ , 
, 
Address 
of Operand 
(High 
Order 
Byte) 


STD 
3 
Opcode 
Address 
+ 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 


4 
Address 
of Operand 
0 
Operand 
Data 
(High 
Order 
Byte) 


5 
Address 
of Operand 
+ , 
0 
Operand 
Data 
(Low 
Order 
Byte) 


ASL 
LSR 
6 
, 
Opcode 
Address 
, 
Opcode 


ASR 
NEG 
2 
Opcode 
Address 
+ 1 
, 
Address 
of Operand 
(High 
Order 
Byte) 


CLR 
ROL 
3 
Opcode 
Address + 2 
, 
Address 
of Operand 
(Low 
Order 
Byte) 


COM 
ROR 
4 
Address 
of Operand 
, 
Current Operand 
Data 


DEC 
TST* 
5 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 
INC 
6 
Address 
of Operand 
0 
New 
Operand 
Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 
SUBD 
2 
Opcode 
Address+ 
1 
1 
Operand 
Address 
(High 
Order 
Byte) 
ADDD 
3 
Opcode 
Address+ 
2 
1 
Operand 
Address 
(Low 
Order 
Byte) 


4 
Operand 
Address 
1 
Operand 
Data (High 
Order 
Byte) 
5 
Operand 
Address+ 
1 
1 
Operand 
Data (Low 
Order 
Byte) 


6 
Address 
Bus FFFF 
, 
Low Byte of Restart Vector 


JSR 
6 
1 
Opcode 
Address 
, 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Address 
of Subroutine 
(High 
Order 
Byte) 
3 
Opcode 
Address 
+ 2 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


4 
Subroutine 
Starting 
Address 
1 
Opcode 
of Next Instruction 


5 
Stack Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 
6 
Stack Pointer-l 
0 
Return 
Address 
(High 
Order 
Byte) 
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Address 
Mode 
and 


Instruettons 


INDEXED 


TABLE 
14 - 
CYCLE-BY-CYCLE 
OPERATION 
(Sheet 
3 of 5) 


R/W 
Line 


JMP 
3 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ 1 
1 
Offset 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


ADC 
EaR 
4 
1 
Opcode 
Address 
1 
Opcode 
ADD 
LOA 
2 
Opcode 
Address 
+ 1 
1 
Offset 
AND 
ORA 
3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


BIT 
SBC 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 
CMP 
SUB 


STA 
4 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Index 
Register 
Plus Offset 
0 
Operand 
Data 


LOS 
5 
1 
Opcode 
Address 
1 
Opcode 
LOX 
2 
Opcode 
Address 
+ 1 
1 
Offset 


LDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 
4 
Index 
Register 
Plus Offset 
1 
Operand 
Data 
(High 
Order 
Byte) 


5 
Index 
Register 
Plus Offset + 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STS 
5 
1 
Opcode 
Address 
1 
Opcode 
STX 
2 
Opcode 
Address 
+ 1 
1 
Offset 


STD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Index 
Register 
Plus Offset 
0 
Operand 
Data (High 
Order 
By tel 


5 
Index 
Register 
Plus Offset + 1 
0 
Operand 
Data (Low 
Order 
Byte) 


ASL 
LSR 
6 
1 
Opcode 
Address 
1 
Opcode 


ASR 
NEG 
2 
Opcode 
Address 
+ 1 
1 
Offset 


CLR 
ROL 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


COM 
ROR 
4 
Index 
Register 
Plus Offset 
1 
Current Operand 
Data 


DEC 
TST" 
5 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


INC 
6 
Index 
Register 
Plus Offset 
0 
New Operand 
Data 


CPX 
6 
1 
Opcode 
Address 
1 
Opcode 


SUBD 
2 
Opcode 
Address 
+ 1 
1 
Offset 
ADDD 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Index 
Register + Offset 
1 
Operand 
Data 
(High 
Order 
Byte) 


5 
Index 
Register+ 
Offset + 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


6 
Address 
Bus FFFF 
Low Byte of Restart Vector 


JSR 
6 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Offset 


3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


4 
Index Register + Offset 
1 
First Subroutine 
Opcode 
5 
Stack Pointer 
0 
Return Address (Low Order Byte) 


6 
S tack 
Pointer - 
1 
0 
Return 
Address 
(High 
Order 
Byte) 


• 
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ABA 
DAA 
SEC 
2 
1 
Opcode 
Address 
1 
Opcode 


ASL 
DEC 
SEI 
2 
Opcode 
Address 
+ , 
1 
Opcode 
of Next Instruction 


ASA 
INC 
SEV 
CBA 
LSA 
TAB 


CLC 
NEG 
TAP 
CLI 
NOP 
TBA 
CLA 
AOL 
TPA 
CLV 
AOA 
TST 
COM 
SBA 


ABX 
3 
1 
Opcode 
Address 
, 
Opcode 


2 
Opcode 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Aestart 
Vector 


ASLD 
3 
1 
Opcode 
Address 
1 
Opcode 


LSAD 
2 
Opcode 
Address 
+ , 
1 
Irrelevant 
Data 
3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 


DES 
3 
1 
Opcode 
Address 
1 
Opcode 
INS 
2 
Opcode 
Address 
+ , 
1 
Opcode 
of Next 
Instruction 
3 
Previous Stack Pointer Contents 
, 
Irrelevant 
Data 


INX 
3 
1 
Opcode 
Address 
1 
Opcode 
DEX 
2 
Opcode 
Address 
+ 1 
1 
Opcode of Next 
Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PSHA 
3 
1 
Opcode 
Address 
1 
Opcode 
PSHB 
2 
Opcode 
Address 
+ 1 
1 
Opcode 
of Next 
Instruction 
3 
Stack Pointer 
0 
Accumulator 
Data 


TSX 
3 
1 
Opcode 
Address 
, 
Opcode 


2 
Opcode 
Address 
+ 1 
, 
Opcode 
of Next 
Instruction 
3 
Stack 
Pointer 
1 
Irrelevant 
Data 


TXS 
3 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Opcode of Next Instruction 
3 
Address 
Bus FFFF 
1 
Low Byte of Restart Vector 


PULA 
4 
, 
Opcode 
Address 
1 
Opcode 
PULB 
2 
Opcode 
Address 
+ 1 
1 
Opcode 
of Next Instruction 
3 
Stack Pointer 
, 
Irrelevant 
Data 
4 
S tack 
Pointer + 1 
1 
Operand 
Data 
from 
Stack 


PSHX 
4 
1 
Opcode 
Address 
, 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
S tack 
Pointer 
0 
Index 
Aegister 
(Low 
Order 
By tel 
4 
Stack Pointer - 1 
0 
Index 
Aegister 
(High 
Order 
By tel 


PULX 
5 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Irrelevant 
Data 
3 
S lack 
Pointer 
1 
Irrelevant 
Data 
4 
Stack 
Pointer+l 
1 
Index 
Aegister 
(High 
Order 
By tel 
5 
Stack Pointer+2 
, 
Index 
Aegister 
(Low 
Order 
Byte) 


ATS 
5 
1 
Opcode 
Address 
, 
Opcode 
2 
Opcode 
Address 
+ 1 
, 
Irrelevant 
Data 
3 
Stack Pointer 
, 
Irrelevant 
Data 
4 
Stack Pointer+ 
1 
1 
Address 
of Next 
Instruction 
(High 
Order 
By tel 
5 
Stack Pointer + 2 
1 
Address 
of Next 
Instruction 
(Low 
Order 
Byte) 


WAI 
9 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ , 
1 
Opcode 
of Next Instruction 
3 
Stack Pointer 
0 
Aeturn 
Address 
(Low 
Order 
By tel 
4 
Stack Pointer - 1 
0 
Aeturn 
Address 
(High 
Order 
By tel 
5 
Stack 
Pointer-2 
0 
Index 
Aegister 
(Low 
Order 
Byte) 
6 
Stack Pointer-3 
0 
Index 
Aegister 
tHigh 
Order 
By tel 
7 
Stack Pointer-4 
0 
Contents 
of Accumulator 
A 
8 
Stack Pointer-5 
0 
Contents 
of Accumulator 
B 
9 
Stack 
Pointer-6 
0 
Contents 
of Condition 
Code Register 
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Address 
Mode 
and 


Instructions 


INHERENT (Continued) 


MUL 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ , 
1 
Irrelevant 
Data 


3 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


4 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


5 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


6 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


7 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


8 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


9 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


10 
Address 
Bus FFFF 
1 
Low 
Byte of Restart 
Vector 


Rli 
10 
1 
Opcode 
Address 
1 
Opcode 


2 
Opcode 
Address 
+ 1 
1 
Irrelevant 
Oata 


3 
Stack 
Pointer 
1 
Irrelevant 
Data 


4 
Stack 
Pointer+ 
1 
1 
Contents 
of Condition 
Code 
Register 
from 
Stack 


5 
Stack 
Pointer+ 
2 
1 
Contents 
of Accumulator 
B from Stack 


6 
Stack 
Pointer+3 
1 
Contents 
of Accumulator 
A from Stack 


7 
5 tack 
Pointer + 4 
1 
Index 
Register 
from 
Stack 
(High 
Order 
Byte) 


8 
5 tack 
Pointer + 5 
1 
Index 
Register 
from 
Stack 
(Low 
Order 
8yte) 
9 
Stack 
Pointer+6 
1 
Next 
Instruction 
Address 
from 
Stack 
(High 
Order 
Byte) 
10 
5 tack 
Pointer + 7 
1 
Next 
Instruction 
Address 
from 
Stack 
(Low 
Order 
Byte) 


SWI 
12 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Irrelevant 
Data 


3 
Stack 
Pointer 
0 
Return 
Address 
(low 
Order 
8yte) 


4 
Stack 
Pointer-1 
0 
Return 
Address 
(High 
Order 
Byte) 


5 
Stack 
Pointer-2 
0 
Index 
Register 
(Low 
Order 
Byte) 


6 
Stack 
Pointer-3 
0 
Index 
Register 
(High 
Order 
Byte) 


7 
Stack 
Pointer-4 
0 
Contents 
of Accumulator 
A 


8 
Stack 
Pointer-5 
0 
Contents 
of Accumulator 
B 
9 
Stack 
Pointer-6 
0 
Contents 
of Condition 
Code 
Register 
10 
Stack Pointer-7 
1 
Irrelevant Data 


11 
Vector 
Address 
FFFA 
(Hex) 
1 
Address 
of Subroutine 
(High 
Order 
By tel 


12 
Vector 
Address 
FFFB (Hex) 
1 
Address 
of Subroutine 
(Low 
Order 
Byte) 


BCC 
BHT 
8NE 
BLO 
3 
1 
Opcode 
Address 
1 
Opcode 


BCS 
BlE 
BPL 
BHS 
2 
Opcode 
Address 
+ 1 
1 
Branch 
Offset 


BEG 
BlS 
BRA 
BRN 
3 
Address 
Buss FFFF 
1 
Low Byte of Restart Vector 


BGE 
BLT 
BVC 


BGT 
BMI 
BVS 


BSR 
6 
1 
Opcode 
Address 
1 
Opcode 
2 
Opcode 
Address 
+ 1 
1 
Branch 
Offset 


3 
Address 
Bus FFFF 
1 
Low 
Byte 
of Restart 
Vector 
4 
Subroutine 
Starting 
Address 
1 
Opcode of Next Instruction 


5 
S tack 
Pointer 
0 
Return 
Address 
(Low 
Order 
By tel 


6 
S tack 
Pointer 
- 
1 
0 
Return 
Address 
(High 
Order 
Byte) 
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JSR, 
Jump 
to Subroutine 


1 


['!; 


Main 
Program 


S9D: JSA 


Direct 
K 


ATN 
Next 
Main 
Instr 


K =: Direct 
Address 


Main 
Program 
~ 
Stack 


1 


['!; 
SAD: JSA 
- 


SP- 2 


INDXD 
K =: Offset 
e) 


SP-l rn 
ATN 
Next 
Main 
Instr 
SP 
ATNL 


I 


Main 
Program 


~ 
SBD: JSA 


SH = Subr. 
Addr 


EXTND 
SL= 
Subr. 
Addr. 


ATN 
Next 
Main 
Inst. 


BSA, 
Branch 
To Subroutine 
~ 
Main 
Program 
Stack 


['!; 
SBD= BSA ¢- 


SP-2 


± K = Offset 
SP-l rn 
ATN 
Next 
Main 
lnstr. 
SP 
ATNL 


Sf 
::itack 


SPrn 


SP+ 
1 
RTNH 


SP+2 
RTNL 


Subroutine 


==S39===ATS 
I ¢ 


Legend: 


RTN = Address 
of next 
instruction 
in Main 
Program 
to be executed 
upon 
return 
from 
subroutine 


RTNH 
= Most 
significant 
byte 
of Return 
Address 


RTNL 
= Least 
significant 
byte 
of Return 
Address 


- 
= Stack 
Pointer 
After 
Execution 


K = B·bit 
Unsigned 
Value 


• 


SWl, 
Software 
Interrupt 
Main 
Program 
SP 


['!; 
S3F= SWI Ie)- 


SP- 7 


ATN 
SP- 6 


SP-5 


SP-4 


SP-3 


WAI, 
Walt 
for Interrupt 
Main 
Program 
SP- 2 
~ 
Ie) 


SP-l 
S3E= WAI 


ATN 
SP 


RTI. 
Return 
from Interrupt 
Interrupt 
Program 
~ 


['!; 
S3B= RTI Ie) 


SP 


SP+ 1 


SP+ 2 


SP+3 


SP+4 


SP+5 


SP+6 
-- 


SP+ 7 


I 
~ 


X+K 
h,"," 1 


Condition 
Code 


AcmltrB 


AcmltrA 


Index 
Register 
(X H) 


Index 
Register 
(XL) 


ATNH 


ATNL 


Condition 
Code 


AcmltrB 


AcmltrA 


Index 
Register 
(XH) 


Index 
AegisterlXLI 


ATNH 


ATNL 


S7E= JMP 


K H = Next 
Address 


K L = Next 
Address 


GENERIC 
INFORMATION 


(TA = 0' to 70'C) 


Package 
Type 
Frequency 
Generic 
Number 


Cerdip 
- 
S Suffix 
1.0 
MHz 
MC68701U4S 


1.25 
MHz 
MC68701 
U4S-1 


PIN ASSIGNMENTS 


VSS 


XTAL 
SC1 


SC2 


P30 


P31 
• 


RESET/Vpp 
ti 
P32 


VCC 
P33 


P20 
8 
P34 


P21 
9 
P35 


P22 
10 
P36 


P23 
11 
P37 


P24 
12 
P40 


PIO 
13 
P41 


Pll 
14 
P42 


P12 
15 
P43 


PI3 
16 
P44 


P14 
: 7 
P45 


P15 
18 
P46 


PI6 
19 
P47 


P17 
20 
VCC 
Standby 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Microprocessor 
With Clock 
and Optional 
RAM 


• 


The MC6802 is a monolithic 8-bit microprocessor that contains all the registers and accumulators 
of the present MC6800 plus an internal clock oscillator and driver on the same chip. In addition, the 
MC6802 has 128 bytes of on-board RAM located at hex addresses $0000 to $007F. The first 32 bytes 
of RAM, at hex addresses $0000 to $001F, may be retained in a low power mode by utilizing VCC 
standby; thus, facilitating 
memory retention during a power-down situation. 


The MC6802 is completely software compatible with the MC6800 as well as the entire M6800 
family of parts. Hence, the MC6802 is expandable to 64K words. 


• 
On-Chip Clock Circuit 
• 
128x 8 Bit On-Chip RAM 
• 
32 Bytes of RAM are Retainable 
• 
Software-Compatible 
with the MC6800 
• 
Expandable to 64K Words 
• 
Standard TIl-Compatible 
Inputs and Outputs 
• 
8-Bit Word Size 
• 
16-Bit Memory Addressing 
• 
Interrupt Capability 


iRO 


MR 


VMA 


E 
RE 


R/W 
MC6802 
MPU 
00-07 


This block diagram 
shows 
a typical 
cost ef· 


fective 
microcomputer. 
The 
MPU 
is 
the 
center 
of the microcomputer 
system 
and is 


shown in a minimum 
system interfacing 
with 


a ROM 
combination 
chip. 
It is not intended 


that 
this system 
be limited 
to this function 
but that it be expandable 
with other parts in 
the M6800 
Microcomputer 
family. 


MOTOROLA MICROPROCESSOR DATA 


3-256 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 to + 7.0 
V 


Input Voltage 
Vin 
-0.3 to + 7.0 
V 


Operating Temperature Range 
TA 
'c 
MC6802. MC680A02, MC680B02 
o to + 70 
MC6802C. MC680A02C 
-40 to +85 


Storage Temperature Range 
Tsto 
-55to 
+150 
'c 


Characteristic 
Symbol 


Average Thermal Resistance (Junction to Ambient) 
Plastic 


The average 
chip-junction 
temperature, 
Tj, 
in 'C can be obtained 
from: 


Tj=TA+(PD-6jA) 


This input contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum rated voltages to this high-impedance 
circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e.g.• either VSS or Vccl. 


where: 


TA 
= Ambient 
Temperature, 
'C 
6jA 
= Package Thermal 
Resistance, 
junction-to-Ambient, 
'CIW 


PD 
= PINT+ PPORT 
PINT 
= ICC x VCC. Watts - 
Chip Internal 
Power 
PPORT 
= Port Power 
Dissipation, 
Watts - 
User Determined 


For most 
applications 
PPORT<PINT 
and can be neglected. 
PPORT may become 
significant 
if the device 
is configured 
to drive 
Darlington 
bases or sink lED 
loads. 


An approximate 
relationship 
between 
PD and Tj 
(if PPORT is neglected) 
is: 
PD=K+(Tj+273'C) 
(2) 
Solving 
equations 
(1) and (2) for K gives: 


K = PD 0 (TA + 273'C) + 6jAOPD2 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. K can be determined 
from 
equation 
(3) by measuring 
PD (at 
equilibrium) 
for a known 
TA' Using this value 
of K. the values 
of PD and Tj can be obtained 
by solving 
equations 
(1) 
and (2) iteratively 
for any value 
of TA' 


• 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
Logic, EXTAL 
VIH 
VSS+2.0 
- 
VCC 
V 
RESET 
VSS+4.0 
- 
VCC 


Input Low Voltage 
Logic, EXTAL, RESET 
VIL 
VSS-0.3 
- 
VSS+0.8 
V 


Input Leakage Current (Vin = 0 to 5.25 V, VDD = maxi 
Logic 
lin 
- 
1.0 
2.5 
~ 


Output High Voltage 
VOH 
V 
(ILoad = - 205 /LA, VCC= mini 
00-07 
VSS+2.4 
- 
- 
(ILoad= 
-145/LA, 
Vcc=minl 
AO-A15, Rm, VMA, E 
VSS+2.4 
- 
- 
(ILoad~ 
-100~, 
Vcc=minl 
BA 
VSS+2.4 
- 
- 


Output Low Voltage (ILoad = 1.6 mA, VCC= mini 
VOl 
- 
- 
VSS+0.4 
V 


Internal Power Dissipation 
(Measured at TA = O·C) 
PINT 
- 
0.750 
1.0 
W 


VDD Standby 
Power Down 
VSBB 
4.0 
- 
5.25 
V 
Power Up 
VSB 
4.75 
- 
5.25 


Standby Current 
ISBB 
- 
- 
8.0 
mA 


Capacitance # 
00-07 
Cin 
- 
10 
12.5 
pF 
(Vin=O, TA=25·C, 
1=1.0 MHz) 
Logic InputsJXTAL 
- 
6.5 
10 
AO-A15, RIW, VMA 
Cout 
- 
- 
12 


MC6802 
MC68A02 
MC68B02 
Characteristic 
Symbol 
Unit 
Min 
Max 
Min 
Max 
Min 
Max 


Frequency 01 Operation 
10 
0.1 
1.0 
0.1 
1.5 
0.1 
2.0 
MHz 


Crystal Frequency 
IXTAL 
1.0 
4.0 
1.0 
6.0 
1.0 
8.0 
MHz 


External Oscillator Frequency 
4xlo 
0.4 
4.0 
0.4 
6.0 
0.4 
8.0 
MHz 


Crystal Oscillator Start Up Time 
trc 
100 
- 
100 
- 
100 
- 
ms 


Processor Controls (HALT, MR, RE, RESET, IRO NMI) 
Processor Control Setup Time 
tpcs 
200 
- 
140 
- 
110 
- 
ns 
Processor Control Rise and Fall Time 
tPCr, 


(Does Not Apply to RESET) 
tPCI 
- 
100 
- 
100 
- 
100 
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Ident. 
MC6802 
MC68A02 
MC68B02 
Number 
Characteristic 
Symbol 
Min 
Max 
Unit 
Min 
Max 
Min 
Max 


1 
Cycle Time 
tcvc 
1.0 
10 
0.667 
10 
0.5 
10 
fLS 


2 
Pulse Width, E Low 
PWEL 
450 
5000 
280 
5000 
210 
5000 
ns 


3 
Pulse Width, E High 
PWEH 
450 
9500 
280 
9700 
220 
9700 
ns 


4 
Clock Rise and Fall Time 
tr, tf 
- 
25 
- 
25 
- 
25 
ns 


9 
Address Hold Time' 
tAH 
20 
- 
20 
- 
20 
- 
ns 


12 
Non-Muxed 
Address Valid Time to E (see Note 4) 
tAV1 
160 
- 
100 
- 
50 
- 
ns 
tAV2 
- 
270 
- 
- 
- 
- 


17 
Read Data Setup Time 
tDSR 
100 
- 
70 
- 
60 
- 
ns 


18 
Read Data Hold Time 
tDHR 
10 
- 
10 
- 
10 
- 
ns 


19 
Write Data Delay Time 
tDDW 
- 
225 
- 
170 
- 
160 
ns 


21 
Write Data Hold Time' 
tDHW 
30 
- 
20 
- 
20 
- 
ns 


29 
'Usable Access Time (see Note 4) 
tACC 
535 
- 
335 
- 
235 
- 
ns 


NOTES: 


1. Voltage levels shown are VL,.0.4 V, VH"2.4 
V, unless otherwise 
specified. 


2. Measurement 
points shown are 0.8 V and 2.0 V, unless otherwise 
noted. 


3. Usable access time is computed 
by: 12+3+4-17. 


4. If programs 
are not executed from on-board RAM, TAVl 
applies. If programs are to be stored and executed from on-board 
RAM, TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be 
executed from on-board RAM when using A and B parts IMC68A02, MC68B02). On-board RAM can be used for data storage 
with all parts. 


5. All electrical and control characteristics 
are referenced from: TL =O·C minimum 
and TH~70·C 
maximum. 
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AL=2.2 
kO 


MMD6150 
or Equiv. 
C = 130 pF for 00.07, 
E 
Test Point 


= 90 pF for AQ-A 15, Aiw, and VMA 


=30 
pF for BA 
C 


A= 
11.7 kO for 00.07, 
E 
= 16.5 kO for AQ-A 15, A/W, 
and VMA 


=24 
kO for 
BA 


600 


500 


! 
<00• 


w 
::E;:: 
300 
>- 
~ 200 
0 


100 


10M ~-20;"Am."e'2.0V 
10 l 
= 1.6 mA max @ 0.4 V 
VCC~5.0V 
TA ~ 25'C 


-~ 
--- 
--- 


CL intludesstray 
capacilance 


200 
300 
000 


Cl. lOAO CAPACITANCE {oF) 


10MI~_1051 


"A m:. 
@ 2.~ V 


10 l 
= 1.6 mA max @ 0.4 V 
VCC~5.0V 
TA ~ 25°C 


Address. 
VMA 


~ I-- 
- 
.-I--" - 
...- 
RfW 
- 
~ 


I 


Cl includes 
strly tlp.eit.nee 
1 


600 


500 


! 
000 
w 
::E;:: 


300 
>- 
~ 
0 
200 


100 


200 
300 
000 


Cl. lOAD CAPACITANCE (OF) 


Memory 
Ready I 
Enable 


RESET 


Non-Maskable 
Interrupt 
IN'Mi) 
HALf 


Interrupt 
Request 
ORO) 


EXTAl 


XTAl 


Bus Available 


Valid 
Memory 
Address 


Read/Write IRiW) 
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MPU 
REGISTERS 


A general 
block diagram 
of the MC6802 is shown 
in 
INDEX 
REGISTER 
Figure .1. As shown, 
the number 
and configuration 
of 
The index 
register 
is a two 
byte register 
that is used 
t~e regls~ers are the same as for the MC6800. The 128 ~ 8- 
to store data or a 16-bit memory 
address for the indexed 
bit RAM 
has been added to the basIc MPU. The first 
mode of memory 
addressing. 


32 bytes 
can be retained 
during 
powerup 
and power- 
down 
conditions 
via the RE signal. 


The 
MPU 
has three 
16-bit 
registers 
and three 
8-bit 
registers available for use by the programmer 
(Figure 7). 


PROGRAM 
COUNTER 


The program 
conter 
is a two byte (16-bit) register 
that 
points 
to the current 
program 
address. 


STACK 
POINTER 


The stack pointer 
is a two byte register 
that contains 
the address 
of the next available 
location 
in an external 
pushdown/pop-up 
stack. This stack is normally 
a ran- 
dom 
access read/write 
memory 
that 
may have any lo- 
cation (address) that is convenient. 
In those applications 
that 
require 
storage 
of information 
in the stack when 
power 
is lost, the stack must be non-volatile. 


ACCUMULATORS 


The 
MPU contains 
two 
8-bit 
accumulators 
that 
are 
used to hold 
operands 
and results 
from 
an arithmetic 
logic unit (ALU). 


CONDITION 
CODE REGISTER 


The condition 
code register 
indicates 
the results of an 
Arithmetic 
Logic Unit operation: 
Negative 
(N), Zero (Z), 


Overflow 
(V). Carry from 
bit 7 (C), and Half Carry from 
bit 3 (H). These bits of the Condition 
Code Register are 
used as testable 
conditions 
for the conditional 
branch 
instructions. 
Bit 4 is the interrupt 
mask bit (I). The un- 
used bits of the Condition 
Code Register 
(b6 and b7) 


are ones. 


Figure 8 shows 
the order of saving the microproces- 
sor status within 
the stack. 


*If programs are not executed from on-board RAM, TAVl applies. If programs are to be stored and executed from on-board RAM, 


TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed 
from on-board RAM when using A and 8 parts (MC68A02 and MC68B02). On-board RAM can be used for data storage with all 
parts. 
• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-261 


• 


SP", 
Stack 
Pointer 


CC = CondItion 
Codes 
(Also 
called 
the Processor 
Status 
Byte) 


ACe 
B = Accu mu lator 
B 


ACCA"" 
Accumulator 
A 


I X H '" I ndex 
Register. 
Higher 
Order 
8 Bits 


I XL 
= Index 
Register, 
Low8f'" Order 8 Bits 


PCH'" 
Program Counter, 
Higher Order 8 Bits 
pel 
= Program 
Counter, 
Lower 
Order 
8 Bits 


m - 9 


m-8 


m - 7 


m - 6 
CC 


m - 5 
Acee 


m - 4 
ACCA 


m - 3 
IXH 


m - 2 
IXL 


m- 
1 
PCH 
__ 
SP 


PCL 
--J 


m' 
1 


m' 
2 


I 


eefore 
After 


Proper operation 
of the MPU requires that certain control 
and timing 
signals be provided 
to accomplish 
specific func- 


tions and that other signal lines be monitored 
to determine 
the state of the processor. 
These control 
and timing signals 


are similar to those of the MC6800 except that TSC, 
DBE, 


4>1,4>2 input. 
and two 
unused pins have been eliminated, 


and the following 
signal and timing 
lines have been added: 
RAM Enable IREI 
Crystal Connections 
EXTAL and XT AL 
Memory 
Ready IMRI 


VCC Standby 
Enable 4>2Output 
IE) 


The following 
is a summary of the MPU signals: 


ADDRESS,BUS 
(Ao-A15) 


Sixteen pins are used for the address bus. The outputs 
are 


capable of driving 
one standard TTL load and 90 pF. These 


lines do not have three-state 
capability. 


DATA 
BUS 100-07) 


Eight pins are used for the data bus. 
It is bidirectional, 


transferring 
data to and from 
the memory 
and peripheral 
devices. 
It also has three-state 
output 
buffers 
capable 
of 
driving one standard 
TTL load and 130 pF. 


Data bus will 
be in the output 
mode when 
the internal 
RAM is accessed and RE will be high. This prohibits 
external 


data entering 
the MPU. It should be noted that the internal 


RAM is fully decoded from $CXXXlto $OO7F.External RAM at 
$CXXXlto $OO7Fmust be disabled when internal 
RAM is ac- 


cessed. 


HALT 


When 
this 
input 
is in the low 
state, 
all activity 
in the 
machine 
will be halted. 
This input 
is level sensitive. 
In the 


HALT mode, the machine will stop at the end of an instruc- 


tion, 
bus available will be at a high state, valid memory ad- 
dress will be at a low state. The address bus will display the 
address of the next instruction. 


To ensure 
single 
instruction 
operation, 
transition 
of 


the 
HALT 
line 
must 
occur 
tpcs 
before 
the 
rising 
edge 


of E and the HALT line must 
go high for one clock cycle. 


HALT 
should 
be tied 
high 
if 
oot 
used. 
This 
is good 
engineering 
design practice in general and necessary to en- 
sure proper operation 
of the part. 


READ/WRITE 
(R/W) 


This TTL-compatible 
output 
signals 
the peripherals 
and 
memory devices whether 
the MPU is in a read Ihighl or write 


1I0wi state. The normal standby 
state of this signal is read 
(highl. 
When 
the processor 
is halted, 
it will be in the read 


state. 
This output 
is capable 
of driving 
one standard 
TTL 
load and 90 pF. 


VALID 
MEMORY 
ADDRESS 
(VMA) 


This output 
indicates 
to peripheral 
devices that there is a 
valid address on the address bus. In normal operation, 
this 
signal should 
be utilized 
for enabling 
peripheral 
interfaces 
such as the PIA and ACIA. This signal is not three-state. 
One 
standard 
TTL load and 90 pF may be directly 
driven by this 
active high signal. 


BUS AVAILABLE 
(BA) 
- 
The bus available signal will nor- 
mally be in the low state; when activated, 
it will go to the 
high state indicating 
that 
the microprocessor 
has stopped 


and that the address bus is available (but not in a three-state 
condition!. 
This will occur if the HALT line is in the low state 
or the processor is in the WAIT state as a result of the execu- 
tion of a WAIT 
instruction. 
At such time, all three-state 
out- 
put drivers will go to their off-state 
and other outputs 
to their 


normally 
inactive 
level. The processor 
is removed 
from 
the 
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WAIT state by the occurrence of a maskable (mask bit 1=01 
or nonmaskable interrupt. 
This output 
is capable of driving 


one standard TTL load and 30 pF. 


INTERRUPT REQUEST (IRQ) 


A low level on this input requests that an interrupt 
se- 


quence be generated within the machine. The processor will 
wait until it completes the current instruction 
that is being 


excuted before it recognizes the request. At that time, if the 
interrupt 
mask bit in the condition 
code register is not set, 


the machine will 
begin an interrupt 
sequence. The index 


register, 
program 
counter, 
accumulators, 
and 
condition 


code register are stored away on the stack. Next the MPU 
will respond to the interrupt request by setting the interrupt 
mask bit high so that no further interrupts may occur. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory 
locations 
SFFF8 and SFFF9 is loaded which 
causes the M PU to branch to an interrupt routine in memory. 


The HALT line must be in the high state for interrupts to 


be serviced. Interrupts will be latched internally while HALT 
is low. 


A nominal 3 kO pullup resistor to VCC should be used for 


wire-OR and optimum control of interrupts. 
IRQ may be tied 


directly to VCC if not used. 


RESET 


This input 
is used to reset and start the MPU from a 


power-down 
condition, 
resulting from a power failure or an 


initial start-up of the processor. When this line is low, the 
MPU is inactive and the information 
in the registers will be 


lost. If a high level is detected on the input, this will signal 
the MPU to begin the restart sequence. This will start execu- 


tion of a routine to initialize the processor from ItS reset con- 
dition. All the higher order address lines will be forced high. 
For the restart, the last two 
(SFFFE, SFFFFI locations 
in 
memory will be used to load the program that is addressed 
by the program counter. During the restart routine, the inter- 
rupt mask bit is set and must be reset before the MPU can be 
interrupted 
by IRQ. Power-up and reset timing and power- 


down sequences are shown in Figures 9 and 10, respectively. 


RESET, when brought low, must be held low at least three 
clock cycles. This allows adequate time to respond internally 
to the reset. This is independent of the trc power-up 
reset 
that is required. 


When RESET is released it must go through the low-to- 


high threshold without 
bouncing, 
oscillating, 
or otherWise 
causing an erroneous reset (less than three clock cycles). 
This may cause improper MPU operation until the next valid 
reset. 


NON-MASKABLE 
INTERRUPT (NMI) 


A low-going 
edge on this input 
requests that 
a non- 


maskable interrupt 
sequence be generated within 
the pro- 
• 


cessor. As with the interrupt 
request signal, the processor 


will complete the current instruction 
that is being executed 


before it recognizes the NMI signal. The interrupt mask bit in 
the condition code register has no effect on NMI. 


The index register, program counter, 
accumulators, 
and 
condition code registers are stored away on the stack. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations SFFFCand SFFFD ISloaded causing the 
MPU to branch to an interrupt service routine In memory. 


A nominal 3 kO pullup resistor to VCC should be used for 
wire-OR and optimum control of Interrupts. NMI may be tied 


d 


~tPCS 


VIH 


VIL 
_ 
----------- 


Option 2 
(See FIgure 10 for 


Power-down 
Condition) 


A-tPC-f 
---- 
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• 


directly 
to VCC if not used. 


Inputs iRQ and NMI are hardware 
interrupt 
lines that are 
sampled when E is high and will start the interrupt 
routine on 
a low E following 
the completion 
of an instruction. 


Figure 
11 is a flowchart 
describing 
the 
major 
decision 
paths and interrupt 
vectors 
of the microprocessor. 
Table 1 


gives the memory map for interrupt 
vectors. 


Vector 
Description 
MS 
LS 


$FFFE 
$FFFF 
Restart 


$FFFC 
$FFFD 
Non-Maskable 
Interrupt 


$FFFA 
$FFFB 
Software 
Interrupt 


$FFFB 
$FFF9 
Interrupt 
Request 
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VI 
Cin 
Cout 


3.58 MHz 
27 pF 
27 pF 


4 MHz 
27 pF 
27 pF 


6 MHz 
20 pF 
20 pF 


8 MHz 
18 pF 
18 pF 


---10-1--- 


V1 


~Cl 


-~CO 
• 


3.58 MHz 
4.0 MHz 
6.0 MHz 
8.0 MHz 


RS 
600 
500 
30-500 
20-40 0 


CO 
3.5 pF 
6.5 pF 
4-6 pF 
4-6 pF 


C1 
0.015 
pF 
0.025 
pF 
0.01-0.02 
pF 
0.01-0.02 
pF 
a 
>40K 
>30K 
> 10K 
> 10K 


~ 
E 
E 
E 


~ 


/E Signal is Wired 
Apart from 38 Pin 


/ 
and 39 Pin 
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EXTAL 
39 


XTAL 
38 


MC6802 


MR 


Memory 
Ready 
o 
Generated 
from 
CS Logic 


\~I 
9:"" 
\_o.av 
I 
~"" 


\_o.av r 


The E clock 
will be stretched 
at end of E high of the cycle during 
which 
MR negative 
meets the tpcs 
selUP time. 
The tpcs 
setup 
lime 
is 
referenced 
to the fall of E. If the tpes setup time is not met, E will be stretched at the end of the next E·high Y:rcycle. E will be stretched 
in in- 
tegral multiples of Y:rcycles. 


~tPcs 


I 
I 
I ~'" 9""9"" 


I 
I 
~_. 
/ 
L 


I/UII 


The E clock will resume normal operation at the end of the Y:zcycle during which MR assertion meets the tpes setup time. The tpes setup time 
is referenced 
to transitions of E were it not stretched. 
If tpes setup time is not met, E will fall at the second possible transition time after MR is 
asserted. 
There is no direct means of determining 
when 
the tpes references 
occur, 
unless the synchronizing 
circuit of Figure 14 is used. 
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RAM ENABLE (RE) 


A TIL-compatible 
RAM enable 
input 
controls 
the on- 
chip RAM of the MC6802. 
When 
placed 
in the high state, 


the on-chip 
memory 
is enabled 
to respond 
to the MPU 
controls. 
In the low state, RAM is disabled. 
This pin may 
also 
be utilized 
to disable 
reading 
and writing 
the 
on- 
chip 
RAM 
during 
a powerdown 
situation. 
RAM 
Enable 
must 
be low 
three 
cycles 
before 
VCC goes 
below 
4.75 
V during 
powerdown. 
RE should 
be tied 
to the correct 
high 
or low 
state 
if not used. 


EXTAL AND XTAL 


These inputs 
are used for the internal 
oscillator 
that may 
be crystal 
controlled. 
These connections 
are for a parallel 
resonant 
fundamental 
crystal 
(see Figure 
121. (AT-cut.) 
A 
divide-by-four 
circuit has been added so a 4 MHz crystal may 
be used in lieu of a 1 MHz crystal for a more cost-effective 
system. 
An example of the crystal circuit 
layout is shown in 
Figure 
13. Pin 39 may be driven externally 
by a TTL input 
signal four times the required E clock frequency. 
Pin 38 is to 
be grounded. 
An 
RC network 
is not 
directly 
usable 
as a frequency 
source on pins 38 and 39. An RC network 
type TTL or CMOS 
oscillator 
will work well as long as the TTL or CMOS output 
drives the on-chip 
oscillator. 


LC networks 
are not recommended 
to be used in place of 
the crystal. 


If an external 
clock 
is used, 
it may 
not 
be halted 
for 
more than tPW<I1L.The MC6802 
is a dynamic 
part except 
for the internal 
RAM, 
and requires 
the external 
clock 
to 
retain 
information. 


MEMORY 
READY (MRI 


MR is a TTL-compatible 
input signal controlling 
the stret- 


ching of E. Use of MR requires synchronization 
with the 4xfo 


signal. as shown in Figure 14. When M R is high, E will be in 
normal operation. 
When 
MR is low, 
E will be stretched 
in- 


tegral 
numbers 
of half periods, 
thus allowing 
interface 
to 


slow memories. 
Memory 
Ready timing is shown in Figure 15. 


MR should be tied high (connected 
directly to VCC) if not 


used. This is necessary 
to ensure proper operation 
of the 
part. A maximum 
stretch 
is tcyc. 


ENABLE (E) 


This pin supplies the clock for the MPU and the rest of the 
system. 
This is a single-phase, 
TTL-compatible 
clock. 
This 
clock may be conditioned 
by a memory 
read signal. This is 


equivalent 
to 4>2on the MC6800. This output 
is capable of 


driving 
one standard 
TTL load and 130 pF. 


Vcc 
STANDBY 


This 
pin supplies 
the dc voltage 
to the first 
32 bytes 
of RAM 
as well 
as the 
RAM 
Enable 
(RE) control 
logic. 


Thus, 
retention 
of data 
in this 
portion 
of the RAM on a 
power-up, 
power-down, 
or standby 
condition 
is guar- 
anteed. 
Maximum 
current 
drain 
at VSB 
maximum 
is 
ISBB· 


The instruction 
set has 72 different 
instructions. 
Included 
are binary and decimal arithmetic, 
logical, shift, rotate, load, 
store, 
conditional 
or unconditional 
branch, 
interrupt 
and 
stack manipulation 
instructions 
(Tables 2 through 
61. The in- 
struction 
set is the same as that for the MC6800. 


There are seven address modes that can be used by a pro- 


grammer, 
with 
the addressing 
mode a function 
of both the 
type of instruction 
and the coding within 
the instruction. 
A 
summary of the addressing modes for a particular instruction 
can be found in Table 7 along with the associated instruction 
execution 
time that is given in machine cycles. With 
a bus 
frequency 
of 1 MHz, these times would 
be microseconds. 


ACCUMULATOR 
(ACCXI 
ADDRESSING 


In accumulator 
only addressing, 
either accumulator 
A or 
accumulator 
B is specified. 
These are one-byte 
instructions. 


IMMEDIATE 
ADDRESSING 


In immediate 
addressing, 
the operand 
is contained 
in the 
second byte of the instruction 
except 
LOS and LOX which 
have the operand 
in the second and third 
bytes of the in- 


struction. 
The MPU addresses this location 
when it fetches 
the immediate 
instruction 
for execution. 
These are two- or 
three-byte 
instructions. 


DIRECT ADDRESSING 


In direct addressing, 
the address of the operand is contain- 


ed in the second byte of the instruction. 
Direct addressing 
allows the user to directly address the lowest 256 bytes in the 
machine, 
i.e., locations 
zero through 
255. Enhanced execu- 
tion times are achieved by storing data in these locations. 
In 


.most configurations, 
it should be a random-access 
memory. 


These are two-byte 
instructions. 


EXTENDED ADDRESSING 


In extended 
addressing, 
the address contained 
In the se- 


cond byte of the instruction 
is used as the higher eight bits of 
the address of the operand. 
The third byte of the instruction 


is used as the lower eight bits of the address for the operand. 
This is an absolute address in memory. 
These are three-byte 
instructions. 


INDEXED ADDRESSING 


In indexed 
addressing, 
the address contained 
in the se- 
cond byte of the instruction 
is added to the index register's 
lowest eight bits in the MPU. The carry is then added to the 
higher order eight 
bits of the index register. 
This result is 
then used to address memory. 
The modified 
address is held 
in a temporary 
address register so there is no change to the 
index register. 
These are two-byte 
instructions. 


• 
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IMPLIED ADDRESSING 


In the 
implied 
addressing 
mode, 
the 
instruction 
gives 
the 


address 
(i.e., 
stack 
pointer, 
index 
register, 
etc.!. 
These 
are 


one-byte 
instructions. 


byte 
of 
the 
instruction 
is added 
to 
the 
program 
counter's 


lowest 
eight 
bits 
plus 
two. 
The 
carry 
or borrow 
is then 
added 


to 
the 
high 
eight 
bits. 
This 
allows 
the 
user 
to 
address 
data 


within 
a range 
of 
- 
125 to + 129 bytes 
of the 
present 
instruc- 


tion. 
These 
are 
two-byte 
instructions. 


RELATIVE ADDRESSING 


In relative 
addressing, 
the 
address 
contained 
in the 
second 


ABA 
AOC 
ADD 
AND 
ASL 
ASR 


BCC 
BCS 
BEQ 
BGE 
BGT 
BHI 
BIT 
BLE 
BLS 
BLT 
BMI 
BNE 
BPL 
BRA 
BSR 
BVC 
BVS 


CBA 
CLC 
CLI 


Add Accumulators 
Add with 
Carry 
Add 
Logical 
And 
Arittmetic 
Shill 
Left 
Arittmetic 
Shill 
Right 


Branch 
~ Carry 
Clear 
Branch 
~ Carry 
Set 
Branch 
~ Equal 
to Zero 
Branch 
~ Greater 
or Equal 
Zero 
Branch 
~ Greater 
than Zero 
Branch 
~ Higher 
Bn Test 
Branch 
~ Less or Equal 
Branch 
~ Lower 
or Same 
Branch 
~ Less 
than 
Zero 
Branch 
~ Minus 
Branch 
W Not Equal 
to Zero 
Branch 
~ Plus 
Branch 
Always 
Branch 
to Subroutine 
Branch 
~ Overflow 
Clear 
Branch 
~ Overflow 
Set 


Compare 
Accumulators 
Clear 
Carry 
Clear 
Interrupt 
Mask 


CLR 
CLV 
CMP 
COM 
CPX 
OM 
DEC 
DES 
DEX 


EOR 


INC 


INS 
INX 


JMP 
JSR 


LOA 
LOS 
LOX 
LSR 


NEG 
NOP 


ORA 


PSH 


Clear 
Clear 
Overflow 
Compare 
Complement 
Compare 
Index 
Register 


Decimal 
Adjust 
Decrement 
Decrement 
Stack 
Pointer 
Decrement 
Index 
Register 


Exclusive 
OR 


Increment 


Increment 
Stack 
POinter 
Increment 
Index 
Register 


Jump 
Jump 
to Subroutine 


Load 
Accumulator 
Load 
Stack 
POinter 
Load 
Index 
Register 
Logical 
Shill 
Right 


Negate 
No OperatiOn 


Inclusive 
OR Accumulator 


Push 
Data 


PUL 


ROL 
ROR 
RTI 
RTS 


SBA 
SBC 
SEC 
SEI 
SEV 
STA 
STS 
STX 
SUB 
SWI 


TAB 
TAP 
TBA 
TPA 
TST 
TSX 
TXS 


WAI 


Pull Data 


Rotate 
Leh 
Rotate 
Right 
Return 
from 
Interrupt 
Return 
from Subroutine 


Subtract 
Accumulators 
Subtract 
with 
Carry 
Set Carry 
Set 
Interrupt 
Mask 
Set OverflOW 
Store 
Accumulator 
Store 
Stack 
Register 
Store 
Index 
Register 
Subtract 
Sohware 
Interrupt 


Transfer 
Accumulators 
Transfer 
Accumulators 
to Condition 
Code Reg. 


Transfer 
Accumulators 
Transfer 
Condition 
Code Reg. to Accumulator 
Test 
Transfer 
Stack 
Pointer 
to Index 
Register 
Transfer 
Index 
Register 
to Stack 
POinter 


Wait 
for Interrupt 
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IMIMED 
DIRECT 
INDEX 
EXTNo 
IMPLIED 
(AII' •• ster ••••• 
' 
• • ) 
2 I • 
OPERATIONS 
MNEMONIC 
0' - 
: 
0' - 
: 
0' - 
: 
0' - 
: 
0' - 
: 
rrf.,to 
cOlltflltsj 
• I • 
Z 
V 
C 


Add 
ADDA 
38 
1 
1 
98 
J 
1 
A' , 
1 " • 
J 
A. 
M -A 
I 0 
1 
1 
1 
1 


ADDS 
CB 
1 
1 
0' 
J 
1 " , 
1 
FB • 
J 
S. 
M 'S 
1 
0 l 
1 
1 
1 


Add Acmltr1 
A'A 
IB 
1 
I 
A. 
B "A 
1 .1 
1 
1 I 
Add wI,h Carry 
ADCA 
B9 
1 
1 " 
J 
1 
A' , 
1 " • 
J 
A- 
M - C 'A 
1 
0 
1 
1 
1 I 


ADCB 
C9 
1 
1 
09 
J 
1 
E9 , 
1 
f9 • 
J 
B. 
M. 
C 
" 
1 
0 
1 
1 
I 
1 


Ao' 
ANDA 
B4 
1 
1 
94 
J 
1 
A' , 
1 
B4 • 
J 
A·M 
'A 
·. 


1 
1 
• 
0 
ANDB 
C4 
1 
1 
O. 
J 
1 
E4 , 
1 
f4 • 
J 
B'M 
-B 
• 
0 I 
1 ·. 
B.,Tut 
BITA 
" 
1 
1 " 
J 
1 
AS , , " • 
J 
A'. 
o 
0 
1 
1 ·. 
BITB 
C5 
1 
1 
0' 
J 
1 " , 
1 
f5 • 
J 
8,. 
o 
0 
1 I 
• 
0 
Clur 
CL' 
Sf 
1 
1 
" 
6 
J 
00 -- M 
·.. S • • 


CLRA 
4f 
1 
1 
00 -'A 
o •• 
S • • 


CLRB 
Sf 
1 
1 
00 
'B 
o 
0 
R S 
R R 


Compare 
CMPA 
81 
1 
1 
91 
J 
1 
AI , 
1 
81 • 
J 
A • 
o • 
1 
I 
1 
1 
CMPB 
CI 
1 
1 
01 
J 
1 
E1 , 
1 
F1 · 


J 
,.. 
o 
0 
1 
1 
1 
1 
Compare 
Acmltn 
CBA 
11 
1 
1 
A-' 
o 
• 
I I 
1 
I 


Complemenl,l'1 
CO. 
63 , 
1 
13 
6 
J 


M 
'. 


o 
0 
1 I 
• 
S 
COMA 
43 
1 
I 
~ 
'A 
·.I I 
• 
S 
COMB 
53 
1 
I 
B 
-B 
o 
0 l I 
• 
S 
Complement 
2'1 
NEG 
60 
1 
1 
10 
6 
J 
00 .'. 


o 
0 I I ,I 


INeg,ilel 
NEGA 
40 
1 
I 
00 - A -A 
o 
0 I I 
NEGB 
'0 
1 
I 
OO-B 
-8 
o 
0 I I 


Oec,mal Ad1U11.A 
OAA 
19 
1 
I 
ConyeiU Bmary Add ot BCD Characlen 
o • 
l , 


onto BCD Founa, 


Oecrement 
OEe 
SA 
1 
1 
lA 
6 
J 
M - 1 
·M 
·. 


1 
I · 
DECA 
'A 
1 
I 
A 
I 
'A 
• 
0 l I • · 
OECB 
SA 
1 
I 
8-1 
'8 
• 
0 l 
1 • 
0 


hclu11yeOR 
EORA 
B8 
1 
1 
98 
J 
1 
AS , 
1 " , 
J 
A0M 
'A 
·.I , • 
0 


EOR8 
CB 
1 
1 
0' 
J 
1 " , 
1 
FB · 


J 
80M 
-8 
o • 
l 
1 •· 
Illcremenl 
INC 
6C 
1 
1 
1C 
6 
J 
M -1-1.1 
o 
0 I I · 
INCA 
4C 
1 
I 
A. 
I 
" 
• 
0 I I · 
INC8 
Ie 
1 
I '" , 
o 
0 
1 
I · 
load 
Acmlll 
LDAA 
B6 
1 
1 
96 
J 
1 
AS , 
1 
B6 .. 
J 
• 
'A 
·. 


1 
I •· 
lOAB 
C6 
1 
1 
06 
J 
1 
E6 , 
1 
f6 • 
J 
." 
·. 


1 
l 
• 
0 
Of,lnclu11Yl! 
ORAA 
BA 
1 
1 
9A 
J 
1 
AA , 
1 
BA · 


J 
A. 
M • A 
o • 
! I·. 
DRA8 
CA 
1 
1 
OA 
J 
1 
EA , 
1 
fA • 
J 
8 'OM -8 
o 
0 
1 
l • 
0 
Pu~h Dala 
PSHA 
36 • 
I 
A 
-MSp, SP 
1 
,sp 
o •• 
• 
• 
0 
PSH8 
31 • 
I 
8 
·MSp.SP 
I 
,sp 
o 
0 
0 o 
0 
0 


Pull Data 
PULA 
31 • 
I 
SP.l 
'SP,MSp 
'A 
• 
0 
• 
o •• 


PUl8 
33 • 
I 
SP'l 
·SP. MSp 
. ~ 
o 
0 
0 o 
0 
0 


ROlale Leh 
'OL 
69 
1 
1 " 
6 
J 
~} CO - CIIIIIII}:J 


o 
0 , I 
1 
ROlA 
49 
1 
I 
o 
0 l I 
1 
RDLB 
" 
1 
I 
8 
C 
b7 
- 
bO 
·.I I 
1 
Rotale 
Rllill 
'0' 
66 
1 
1 
16 
6 
J 
~} CO - CIIIIIID::J 
·.I , 
I 


RORA 
46 
1 
1 
o 
0 , , 6 
I 


RQRB 
56 
1 
I 
, 
C 
b7 - 
bO 
o 
0 I , 
, 


Sh,h 
Leh, ArllhmehC 
ASL 
6B 
1 
1 
IB 
6 
J 
n 
- 
o 
0 I 
I 
1 
ASlA 
4B 
1 
I 
0- 
=-0 
o 
0 I I 
, 


ASLB 
" 
1 
I 
C 
b7 
bO 
o 
0 I 
I 
, 


Shih 
R,ghl. Ar,thmetll 
ASA 
61 
1 
1 
11 
6 
J 
~l~-o 


o 
0 I I 
I 
ASRA 
41 
1 
I 
o 
0 I 
I 
I 
ASRB 
" 
1 
I 
B 
b1 
bO 
C 
·.I I 
I 


StlltIRllJhl.'Loq,c 
LSA 
6' 
1 
1 
14 
6 
J 
:} 
- 
o •• 
I 
6 
l 
lSRA 
•• 
1 
I 
0-= 
-0 
o 
0 
• 
I 
l 
lSR8 
54 
1 
1 
b7 
bO 
C 
o 
0 
• 
I 
I 


Slofe Acmlll 
STAA 
91 . 
1 
AI 
6 
1 " , 
J 
A '. 


o 
0 , I •· 
STAB 
01 • 
1 " 
6 
1 
f1 , 
J 
,.. 
·.I I •· 
Subt,aCl 
SUBA 
BO 
1 
1 " 
J 
1 
AD , 
1 
BO • 
J 
A • ·A 
·.I 
1 
I 
1 
SUSS 
CO 
1 
1 
00 
J 
1 
'0 , 
1 
fO · 


J 
8 -. 
" 
·.I 
1 I 
I 
Sublra" 
Acmlln 
SBA 
10 
1 
1 
A -, 
'A 
·.I 
1 I I 
Subtl, 
wl,h Cally 
SBCA 
B1 
1 
1 
91 
J 
1 
AI , 
1 
B1 • 
J 
A - M - C 'A 
o 
0 I 
I 
1 
I 
S8CB 
C1 
1 
1 
01 
J 
1 
E1 , 
1 
F1 • 
J 
8 - M - C 
" 
o 
0 I 
I 
l l 
T,all11rrAcmllr1 
TA' 
16 
1 
I 
A " 
·.I 
I 


• 
0 
TBA 
11 
1 
1 
, 
'A 
o 
0 l 
I ·. 
Te11, Zero Of M,IlU1 
TST 
60 , 
1 
10 
6 
J 
M -00 
o 
• 
I 
I • • 
TSTA 
'0 
1 
1 
A-DO 
• 
0 l 
1 • • 
TST8 
'0 
1 
I 
8-00 
o 
0 
I 
1 • • 


H 
I 
N Z 
V C 


OP 
Ope'al,on 
Code (HuadeclmaO. 


Number 
01 MPU Cycle1. 
Number 
of Proqram 
Bylt1, 


Ar,!tllTleI'C Plu': 


AlIlhrntl'C 
M,nu1: 


Boolean AND. 


MSp 
COlllelluol 
memory 
local Ion po,nled 
'0 be Slack Pom'el 


Boolnn 
Inclu1,yeOR, 


Boolean 
hclu11ye 
OR: 


Complemelllot 
M: 


TrallslerllltO: 


B'l " Zero: 
Byle" 
Zero; 


Hall·caffy 
trom bit 3; 


Inlerrupl 
ma1k 


Ne~l,ye(1,gnb,'J 


Zerolbylel 


DYerflow,2'1complemen' 
Carrylrombll1 


RuelAlway1 


Sel AlwaY1 


Te1'andstl,Il'ue.clundothe.w'se 


NOl AtteCled 


• 
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• 


_EO 
DIRECT 
INDEX 
EXTNO 
IMPLIED 
S 
4 
J 
2 
1 
0 


POINTER 
O«(RATIONS 
MNEMONIC 
OP - 
= 
OP - 
= 
OP - 
= 
OP - 
= 
OP - 
= 
BOOLEAN/ARITHMETIC 
OPERATION 
H 
I 
N 
Z 
V 
C 


Comp.r, 
Index 
HftJ 
CPX 
8C 
3 
3 
9C 
4 
2 
AC 
6 
I 
ec 
S 
3 
XH- 
M,xl-IM+n 
• -CD j 
8 
0 


Decrement 
Inde. 
Aft 
oEX 
09 
4 
1 
X-I 
· X 
o 
0 
0 
I o 
0 


Dftttmtni 
Stack Pi'll' 
DES 
34 
4 
I 
SP 
I ··SP 
0 
0 o 
0 
0 
0 


Intrtmtnt 
Indr. Rtg 
INX 
08 
4 
I 
X- 
1 
· X 
0 o 
0 : o 
0 


Increment 
St~cIr. Potr 
INS 
31 
4 
I 
SP t 1 'SP 
0 o 
0 o 
0 
0 


lD~d In(te. 
Reg 
lOX 
CE 
3 
3 
DE 
4 
2 
EE 
6 
2 
FE 
S 
3 
M 
• XH. 1M. 11 
• Xl 
olo@ 
I 
R 
0 


lo~d 
Stack 
Pntr 
loS 
8E 
3 
3 
9E 
4 
2 
AE 
6 
I 
8E ~ 
3 
M ·SPH,IM.O 
'SPl 
0 o@ 
: 
R 
0 


Slort 
Indell 
Reg 
STX 
Of 
S 
I 
EF 
1 
I 
ff 
6 
3 
XH 
'M, 
Xl 
'IM 
t 
11 
o o@: 
R 
0 


Slott 
Stack 
Pi'll' 
STS 
9f 
S 
I 
Af 
1 
I i 8f 
6 
3 
SPH 
. M, SPl 
-(M 
+ 11 
0 o@ 
R 
0 


,ndll R!9 
·Stack 
Pnll 
TXS 
3S 
4 
1 
X 
I 
· S. 
o 
0 
0 
0 o 
0 


StIck 
Pnl' 
-111(h 
Reg 
TSX 
30 
4 
1 
SP·1 
·X 
o 
0 
0 
0 o 
0 


Bllnch 
AIWilys 


Br.nch II tiny 
Clnr 


Branch If C¥ry 
Sft 
Branch If :- Zero 


Branch It ~ Itfo 
Branch It >Zrro 


Branch It Hightr 


Branch If "-ltro 
B"nttl 
II lOMr Or Slfr'C 
Br.nch 
If < Zero 


8"nch 
If Minus 
Branch It Not Equal Ztro 
Branch II Owrtlow Cl'af 
Branch If OYfrflow Sft 
Bf,nch It PhiS 


Branch 
To Subroutlnt 


Jump 


Jump 
To Subroutine 
No 0""110" 
R.turn from Inttffupt 


RetUfn 
From 
Subroutine 


Soft ••.• 
Inltrrupt 


W.ittor 
Interrupt 


MNEMONIC 


BRA 
BCC 
BCS 
BED 


BOE 


80T 
BHI 


8lE 
BlS 
BlT 
8MI 


BNE 
BVC 


BVS 
8Pl 


BSR 


JM' 


JSR 
NoP 


RTI 
RTS 


$WI 
WAI 


RElATIVE 
INDEX 
EXTNo 
IMPLIED 


OP 
- 
= 
oP 
- 
= 
oP 
- 
= 
oP 
- 
= 


20 
4 
2 


24 
4 
2 


2S 
4 
2 
2; 
4 
2 


IC 
4 
2 


2E 
4 
2 
II 
4 
2 
2f 
4 
2 


II 
4 
2 


20 
4 
2 


28 
4 
2 
26 
4 
2 
2B 
4 
2 
29 
4 
2 
2A 
4 
2 
Bo 
B 
I 


None 
C· 0 


C - 
I 


Z'" 
1 


N@Y"O 
Z -IN 
<il VI- 
0 
C .•. Z=O 


Z"'IN@YI=l 
C .•.Z,. 
1 


N@Y=1 


N'" 1 
ZoO 


V- 
0 


V-I 
N-o 


} 
See SpecIal OperatIOn, 
(Figure 
16) 


Advancu Prog. Cnt,. Onlv 
01 
2 
1 


38 
10 
1 
39 
S 
1 


3F 
12 
1 


3E 
9 
1 
} 
Set Spec••1Op"atlon, 
(Figure 
161 


...... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 


...... 
...... 
...... 
...... 
--@-- 
:I~l:I : I: I: 
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SPECIAL OPERATIONS 


JSR. JUMP TO SUBROUTINE, 


'NOXO t,:, 
~ 


0+2 


·K" 
8-Bit Unsigned Value 


!'£ 
Main Progr.m 


t 
o+~ 


BD' 
JSR 


SH" 
$ubr. Addl. c:::> 
EXTNO 
,'2 
Sl" 
Subr. Addr. 


0+3 
Next 
MaIO Insl'. 


BSR, BRANCH 
TO SUBROUTINE: 


e.t 
Milln Program 


Main 
Program 


6E 
• JMP 


K" 
Ollsel 
L~ 
1X· 
K -1-.-,,-,-,,-,,-,,-,,-,.-,- 


RlS, 
RETURN 
FROM 
SUBROUTINE· 


PC 
Subroutine 
S 13HTS 
I c:::> 


~ 
Interrupt 
Program 


S 
1 
3B 


' 
RT 
' 
I 
~ 


~ 
Star.k 


SP§H 
SP 
+ 1 


SP.2 
Nl 


ConditiOn 
Code 


Acmlu 
B 


AcmllrA 


Indell Reglue, 
IXHI 


Indu ReglmrlXll 


PCH 
pel 


IMPLIED 
5 
4 
3 
2 
1 
0 


OPERATIONS 
MNEMONIC 
OP - 
= 
BOOLEAN 
OPERATION 
H 
, • 
2 
V 
C 


Clear CaffY 
ClC 
DC 
2 
, 
o . C 
····· 


R 


Clear 
Interrupt 
Mask 
ClI 
DE 
2 
, 
U 
., 
· 


R ··· · 
Clear 
Ovedlow 
ClV 
OA 
2 
1 
o 
'V 
· · ·· 


R · 
Set Carry 
SEC 
00 
2 
, 
1 
• C 
· · ··· 


S 
$ellnleHupt 
Mask 
SE' 
Of 
1 , 
, ., 
· 


S ···· 
Set Overflow 
SEV 
DB 
2 
1 
1 
• V 
• I • ·· 


S · 
Acml" 
A - eeR 
TAP 
06 
2 
, 
A • eeR 
--@-- 


eeR -Acmlu 
A 
TPA 
07 
2 
, 
eeR 
-A 
.1.1 •• 
1.'. 


fBlt vI 
Tesl. 
Result" 
10000000' 


(BII 
Cl 
leu- 
Result' 
00000000' 


(BII 
Cl 
Tnt 
DeCimal 
value 
01 mosl 
slgnillcant 
BCD 
Character 
greate, 
than 
nme? 


INot 
clea,ed 
II preVIOUsly 
set I 


(BIt 
V) 
Test. 
Operand 
= 10000000 
prIOr 
to e_ecut.on? 


lB11 V) 
Ten- 
Operand 
= 01111111 
pilar 
to e_ecutlon? 


(B,t 
VI 
Teu· 
Set equal 
to result 
of N@Calter 
stllft 
has occuffed 


(BII 
N) 


lBil 
VI 


(Bit 
Nl 


(All) 


(Bul) 


Test 
SII;,n blt of most 
Significant 
IMSI 
byte 
= P 


Test 
2's complemenl 
overflow 
trom 
subuaC110n 
01 
MS bytes? 


Test: 
Result 
less than 
aro'IBlt 
15 = Il 


load 
CondItIon 
Code 
Regluer 
from 
Stack. 
ISte 
SpecIal 
Operattonsl 


Set when 
Interrupt 
OCCUlt. If prev.ously 
Sft. a Non 
Maskabl~ 
Inteuupt 
IS required 
10 Utt 
the witt 
statl! 


Set according 
to the 
contents 
of Accumulator 
A. 


• 
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TABLE 7 - 
INSTRUCTION 
ADDRESSING 
MODES 
AND 
ASSOCIATED 
EXECUTION 
TIMES 


(Times 
in Machine 
Cycle) 


'ij 
1 
:; 
~ 
i 
. 
"i 
.! 
." 
~ 
0. 
. 
II 
0 
-! i 
." 
0 
'ii 
." 
~ 
X 
." 
¥ 
> 
X 
c 
E 
u 
c 
;0 
E 
u 
: 
;0 
(J 
. ~ 


0. 
~ 
, 
(J 
~ ~ 


0. 
, 
(J 
~ 
C 
." 
~ 
e 
(J 
E 
C 
." 
~ 
e 
<l: 
w 
:: 
a: 
<l: 
w 
:: 
ABA 
2 
INC 
2 
6 
ADC 
4 
INS 


ADD 
4 
INX 
. 
AND 
. 
4 
JMP 
3 
4 
ASL 
2 
6 
JSR 
9 
8 
ASR 
2 
6 
LOA 
3 
4 
5 
BCC 
LOS 
4 
5 
6 


BCS 
LOX 
4 
5 
6 


BEA 
LSR 
6 
7 


BGE 
NEG 
6 
7 
BGT 
NOP 
BHI 
ORA 
BIT 
PSH 
• 


BLE 
4 
PUL 


BLS 
4 
ROL 
b 


BLT 
4 
ROR 
6 
. 
BMI 
4 
RTI 
10 
BNE 
4 
RTS 
5 


BPL 
4 
SBA 
2 


BRA 
4 
SBC, 
3 


BSR 
8 
SEC 
2 


BVC 
4 
SEt 
2 


BVS 
4 
SEV 
2 
CBA 
STA 
4 
5 
6 
CLC 
STS 
5 
6 
7 


CLI 
STX 
5 
6 
7 


CLR 
6 
SUB 
2 
3 
4 
5 
CLV 
SWI 
12 
CMP 
4 
5 
TAB 
2 
COM 
6 
7 
TAP 
2 
CPX 
5 
6 
TBA 
2 


DAA 
2 
TPA 
2 


DEC 
6 
. 
TST 
6 
7 . 
DES 
4 
TSX 
4 


DEX 
4 
TSX 
4 


EOR 
WAI 
9 


NOTE 
Interru~t 
tune 
IS 12 cycles 
from 
the 
end 
of 


the 
instruction 
being 
executeo. 
eKcept 
following 


a WAI 
Instruction, 
Thpn 
It 
IS 4 cycles 
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Table 8 provides a detailed description 
of the information 


present on the address bus, data bus, valid memory address 
line (VMAI, 
and the read/write 
line (R/W) 
during each cycle 
for each instruction. 


This 
information 
is useful 
in comparing 
actual 
with 
ex- 


pected results during debug of both software 
and hardware 


as the 
control 
program 
is executed. 
The 
information 
is 


categorized 
in groups 
according 
to addressing 
modes and 


number 
of cycles per instruction. 
(In general, 
instructions 
with 
the same addressing 
mode and number 
of cycles ex- 
ecute in the same manner; 
exceptions 
are indicated 
in the 
table.) 


ADC 
EOR 
1 
1 
Qp Code 
Address 
1 
Op Code 


ADD 
LDA 
2 
1 
Cp Code 
Address 
+ 1 
1 
Operand 
Data 
AND 
ORA 
2 


BIT 
SBC 


CMP 
SUB 


CPX 
1 
1 
Op Code 
Address 
1 
Op Code 


LDS 
3 
2 
1 
Op Code Address + 1 
1 
Operand 
Data (High Order 
Byte) 
LDX 
3 
1 
Op Code 
Address 
+ 2 
, 
Operand 
Data (Low Order 
Byte) 


ADC 
EOR 
1 
1 
Op Code 
Address 
, 
Op Code 
ADD 
LDA 
2 
1 
Op Code 
Address 
+ 1 
1 
Address of Operand 
AND 
ORA 
3 


BIT 
SBC 
3 
1 
Address of Operand 
1 
Operand 
Data 
CMP 
SUB 


CPX 
1 
1 
Cp Code 
Address 
1 
Op Code 


LDS 
2 
1 
Op Code 
Address 
+ 1 
1 
Address of Operand 
LDX 
4 


3 
1 
Address of Operand 
1 
Operand 
Data (High Order 
Byte) 


4 
1 
Operand 
Address 
+ 1 
1 
Operand 
Data (Low 
Order Byte) 


STA 
, 
1 
Op Code 
Address 
1 
Op Code 


4 
2 
1 
Op Code 
Address 
+ 1 
1 
Destination 
Address 


3 
0 
Destination 
Address 
1 
Irrelevant 
Data 
(Note 
1) 


4 
1 
Destination 
Address 
0 
Data from 
Accumulator 


STS 
1 
1 
Cp Code 
Address 
1 
Op Code 
STX 
2 
1 
Qp Code 
Address 
+ 1 
1 
Address of Operand 


5 
3 
0 
Address of Operand 
1 
Irrelevant 
Data (Note 
1) 


4 
1 
Address of Operand 
0 
Register Data (High Order Byte) 


5 
1 
Address of Operand 
+ 1 
0 
Register Data (Low Order 
Byte) 


JMP 
1 
1 
Op Code Address 
, 
Op Code 


2 
1 
Op Code Address + 1 
1 
Offset 
4 
3 
0 
Index Register 
1 
Irrelevant 
Data (Note') 


4 
0 
Index 
Register Plus Offset 
(w/o 
Carry) 
1 
Irrelevant 
Data (Note 
1) 


ADC 
EOR 
1 
1 
Op Code Address 
1 
Op Code 


ADD 
LDA 
2 
, 
Op Code Address + 1 
1 
Offset 
AND 
ORA 
BIT 
SBC 
5 
3 
0 
Index Register 
1 
Irrelevant 
Data (Note 
1) 


CMP 
SUB 
4 
0 
Index Register Plus Offset 
(w/o 
Carry) 
1 
Irrelevant 
Data (Note 
1) 


5 
1 
Index Register Plus Offset 
1 
Operand 
Data 


CPX 
1 
1 
Op Code Address 
1 
Op Code 


LDS 
2 
1 
Op Code Address + 1 
1 
Offset 
LDX 
6 
3 
0 
Index Register 
1 
Irrelevant 
Data (Note 
1) 


4 
0 
Index 
Register Plus Offset 
(w/o 
Carry) 
1 
Irrelevant 
Data (Note 
1) 


5 
1 
Index Register Plus Offset 
1 
Operand 
Data (High Order 
Byte) 


6 
1 
Index Register Plus Offset 
+ 1 
1 
Operand 
Data (Low 
Order 
Byte) 
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• 


• 


Addr ••• Mod. 
and Instructions 


INDEXED 
(ContinuedJ 


TABLE 8 - 
OPERATIONS 
SUMMARY 
(CONTINUEDJ 


RIW 
Line 


STA 
1 
1 
Op Code Address 
1 
Op Code 


2 
1 
Op Code Address + 1 
1 
Offset 


6 
3 
0 
Index 
Register 
1 
Irrelevant 
Data (Note 
1) 


4 
0 
Index 
Register 
Plus Offset 
(w/o 
Carry) 
1 
Irrelevant 
Data 
INote 11 


5 
0 
Index 
Register 
Plus Offset 
1 
Irrelevant 
Data 
(Note 
1) 


6 
1 
Index 
Register 
Plus Offset 
0 
Operand 
Data 


ASL 
LSR 
1 
1 
Op Code Address 
1 
Op Code 
ASR 
NEG 
2 
1 
Op Code 
Address 
+ 1 
1 
Offset 
CLR 
ROL 
- 
COM 
ROR 
7 
3 
0 
Index Register 
1 
Irrelevant 
Data INote 1) 


DEC 
TST 
4 
0 
Index Register Plus Offset 
(w/o 
Carry) 
1 
Irrelevant 
Data (Note 11 
INC 
5 
1 
Index Register Plus Offset 
1 
Current 
Operand 
Data 
6 
0 
Index 
Register 
Plus Offset 
1 
Irrelevant Data (Note 1) 


7 
1/0 
Index 
Register 
Plus Offset 
0 
New Operand Data (Note 3) 
(Note 
3J 


STS 
1 
1 
Op Code 
Address 
1 
Op Code 
STX 
2 
1 
Op Code 
Address 
+ 1 
1 
Offset 


7 
3 
0 
Index 
Register 
1 
Irrelevant 
Data (Note 11 


4 
0 
Index 
Register 
Plus Offset 
(w/o 
Carry) 
1 
Irrelevant 
Data 
(Note 
1) 


5 
0 
Index 
Register 
Plus Offset 
1 
Irrelevant 
Data 
(Note 
1) 


6 
1 
Index 
Register 
Plus Offset 
0 
Operand 
Data 
(High Order 
Byte) 


7 
1 
Index 
Register 
Plus Offset 
+ 1 
0 
Operand 
Data 
(Low 
Order 
Byte) 


JSR 
1 
1 
Op Code 
Address 
1 
Op Code 


2 
1 
Op Code 
Address 
+ 1 
1 
Offset 


J 
0 
Index 
Register 
1 
Irrelevant 
Data 
(Note 
1) 


8 
4 
1 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


5 
1 
Stack 
Pointer 
- 
1 
0 
Return 
Address 
(High Order 
Byte) 


6 
0 
Stack 
Pointer 
- 
2 
1 
Irrelevant 
Data 
(Note 
11 


7 
0 
Index 
Register 
1 
Irrelevant 
Data 
(Note 
1) 


8 
0 
Index 
Register 
Plus Offset 
(w/o 
Carry) 
1 
Irrelevant 
Data 
(Note 
1) 


JMP 
1 
1 
Op Code 
Address 
1 
Op Code 


J 
2 
1 
Op Code 
Address 
+ 1 
1 
Jump 
Address 
(High Order 
Byte) 
J 
1 
Op Code 
Address 
+ 2 
1 
Jump 
Address 
(Low 
Order 
Byte) 


ADC 
EOR 
1 
1 
Op Code 
Address 
1 
Op Code 
ADD 
LOA 
2 
1 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High Order 
Bvte) 
AND 
ORA 
4 
BIT 
SBC 
3 
1 
Op Code 
Address 
+ 2 
1 
Address 
of Operand 
ILow Order 
Byte) 


CMP 
SU8 
4 
1 
Address 
of Operand 
1 
Operand 
Data 


CPX 
1 
1 
Op Code 
Address 
1 
Op Code 
LOS 
2 
1 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
tHigh 
Order 
Byte) 
LOX 
5 
3 
1 
Op Code 
Address 
+ 2 
1 
Adatress 
of Operand 
(Low 
Order 
Byte) 


4 
1 
Address 
of Operand 
1 
Operand 
Data 
(High Order 
Byte) 
5 
1 
Address 
of Operand 
+ 1 
1 
Operand 
Data 
(Low 
Order 
Byte) 


STAA 
1 
1 
Op Code 
Address 
1 
Op Code 
STA B 
2 
1 
Op Code 
Address 
+ 1 
1 
Destination 
Address 
(High Order 
Byte) 


5 
J 
1 
Op Code 
Address 
+ 2 
1 
Destination 
Address 
(Low 
Order 
Byte) 


4 
0 
Operand 
Destination 
Address 
1 
Irrelevant 
Data 
(Note 
11 


5 
1 
Operand 
Dest ination 
Address 
0 
Data 
from 
Accumulator 


ASL 
LSR 
1 
1 
Op Code 
Address 
1 
Op Code 
ASR 
NEG 
2 
1 
Op Code 
Address 
+ 1 
1 
Address 
of Operand 
(High 
Order 
Byte) 
CLR 
ROL 
COM 
ROR 
6 
J 
1 
Op Code Addre •• + 2 
1 
Address 
of Operand 
(Low 
Order 
Byte) 
DEC 
TST 
4 
1 
Address 
of Operand 
1 
Current 
Operand 
Data 
INC 
5 
0 
Address 
of Operand 
1 
Irrelevant 
Data 
(Note 
1) 
6 
1/0 
Addre" 
of Operand 
0 
New Operand 
Data (Note 3J 


INote 
3) 
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Add,_Mod 
• 
• nd Inltructionl 


EXTENDED 
(Continued) 


STS 
1 
1 
Op Cod. 
Addr ••• 
1 
Op Code 
STX 
2 
1 
Op Code Addre •• + 1 
1 
Address of Operand (High Order Byte) 


6 
3 
1 
Op Code Address 
+ 2 
1 
Addr.ss 
of Operand 
(Low 
Order 
Byte) 


4 
0 
Address of Operand 
1 
Irrelevant 
Data (Note 1) 


5 
1 
Address 
of Operand 
0 
Operand 
Data 
(High 
Order 
Byte) 


6 
1 
Address 
of Operand 
+ 1 
0 
Operand 
Data (Low 
Order 
By tel 


JSR 
1 
1 
Op Code 
Address 
1 
Op Code 


2 
1 
Op Code Address 
+ 1 
1 
Address of Subroutine 
(High Order Byte) 


3 
1 
Op Code 
Address 
+ 2 
1 
Address of Subroutine 
(Low Order Byte) 


4 
1 
Subroutine 
Starting Address 
1 
Op Code of Next Instruction 


9 
5 
1 
Stack 
Pointer 
0 
Return 
Address 
(Low 
Order 
Byte) 


6 
1 
Stack 
Pointer 
- 
1 
0 
Return Address (High Order Byte) 


7 
0 
Stack 
Pointer 
- 
2 
1 
Irrelevant 
Data (Note 1) 


8 
0 
Op Code 
Address 
+ 2 
1 
Irrelevant 
Data INote 1) 


9 
1 
Op Code 
Address 
+ 2 
1 
Address of Subroutine 
(Low Order Byte) 


ABA 
OAA 
SEC 
2 
1 
1 
Op Code Address 
1 
Op Cod. 
ASL 
OEC 
SEt 
2 
1 
Op Code Address 
+ 1 
1 
Op Code 
of Next 
Instruction 
ASR 
INC 
SEV 
CBA 
LSR 
TAB 
CLC 
NEG 
TAP 
CLI 
NOP 
T8A 
CLR 
ROL 
TPA 
CLV 
ROR 
TST 
COM 
SBA 


DES 
, 
, 
Op Code Address 
, 
Op Code 
DEX 
2 
1 
Op Code Address 
+ 1 
, 
Op Code of Next Instruction 
INS 
4 
INX 
3 
0 
Previous 
Register 
Contents 
1 
Irrelevant 
Data (Note 1) 


4 
0 
New Register Contents 
1 
Irrelevant 
Data (Note 1) 


PSH 
1 
1 
Op Code 
Address 
1 
Op Code 


4 
2 
1 
Op Code Address 
+ 1 
, 
Op Code of Next Instruction 


3 
1 
Stack 
Pointer 
0 
Accumulator 
Data 


4 
0 
Stack 
Pointer 
- 
1 
, 
Accumulator 
Data 


PUL 
1 
1 
Op Code Address 
1 
Op Code 


4 
2 
, 
Op Code Address 
+ 1 
1 
Qp Code of Next Instruction 


3 
0 
Stack Pointer 
1 
Irrelevant 
Data (Note 11 


4 
, 
Stack 
Pointer 
+ 1 
, 
Operand Data from Stack 


TSX 
, 
, 
Op Code Address 
1 
Op Code 


4 
2 
, 
Op Code 
Address 
+ 1 
1 
Op Code 
of Next 
Instruction 
3 
0 
Stack 
Pointer 
1 
Irrelevant 
Data (Note 1) 


4 
0 
New Index Register 
1 
Irrelevant 
Data (Note 11 


TXS 
1 
1 
Op Code 
Address 
1 
Op Code 


4 
2 
1 
Op Code 
Address 
+ 1 
, 
Op Code of Next Instruction 
3 
0 
Index Register 
1 
Irrelevant 
Data 


4 
0 
New Stack Pointer 
, 
Irrelevant 
Data 


RTS 
, 
1 
Op Code 
Address 
1 
Op Code 


2 
, 
Op Code Address 
+ 1 
1 
Irrelevant 
Data (Note 2) 


5 
3 
0 
Stack Pointer 
1 
Irrelevant 
Data (No!e 1) 


4 
, 
Stack Pointer + 1 
1 
Address of Next Instruction 
(High 
Order Byte) 


5 
, 
Stack Pointer 
+ 2 
1 
Address of Next Instruction 
(Low 
Order Byte) 
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• 


Add,oaMode 
and 
Inrtructions 


INHERENT 
(Continued) 


TABLE 
8 - 
OPERATIONS 
SUMMARY 
(CONCLUDED) 


RtW 
Line 


WAI 
1 
1 
Op Code Add,e •• 
1 
Op Code 


2 
1 
Op Code Add,ess 
+ 1 
1 
Op Code of Next 
Instruction 


3 
1 
Stack 
Pointer 
0 
Return Address ILow Order Byte) 


4 
1 
Stack 
Pointer 
- 
1 
0 
Retu,n 
Add,ess 
(High 
O,de, 
Byte) 


9 
5 
1 
Stack Pointer - 2 
0 
Index Register (Low Order Byte) 


6 
1 
Stack 
Pointer 
- 
3 
0 
Index 
Regi.te, 
(High 
O,de, 
By tel 


7 
1 
Stack 
Pointer 
- 
4 
0 
Contents of Accumulator 
A 


8 
1 
Stack Pointer - 5 
0 
Contents of Accumulator 
B 


9 
1 
Stack 
Pointer 
- 
6 
1 
Contents of Cond. Code Register 


RTI 
1 
1 
Op Code Address 
1 
Op Code 


2 
1 
Op Code Address 
+ 1 
1 
Irrelevant 
Data (Note 2) 


3 
0 
Stack 
Pointer 
1 
Irrelevant 
Oat8 (Note 
1) 


4 
1 
Stack 
Pointer 
+ 1 
1 
Contents of Condo Code Register from 
Stack 
10 
5 
1 
Stack 
Pointer 
+ 2 
1 
Contents of Accumulator 
8 from Stick 


6 
1 
Stack 
Pointer 
+ 3 
1 
Contents of Accumulator 
A from Stack 


7 
1 
Stack Pointer 
+ 4 
1 
Index 
Register 
from 
Stack 
(High Order 
By tel 


8 
1 
Stack 
Pointer 
+ 5 
1 
Index Register from Stack (Low Order 
Byte) 


9 
1 
Stack Pointer + 6 
1 
Next Instruction 
Address from Stack 
(High 
Order 
Byt.1 


10 
1 
Stack Pointer + 7 
1 
Next Instruction 
Address from Stack 
(Low 
Order 
Byt.1 


SWI 
1 
1 
Op Code Address 
1 
Op Code 


2 
1 
Op Code Address + 1 
1 
Irrelevant 
Data (Note 1) 
3 
1 
Stack Pointer 
0 
Return 
Address (Low Order Byte) 


4 
1 
Stack Pointer - 
1 
0 
Return 
Address (High Order Byte) 
5 
1 
Stack Pointer - 
2 
0 
Index Register (Low Order Byte) 


12 
6 
1 
Stack Pointer - 
3 
0 
Index Register (High Order Byte) 


7 
1 
Stack Pointer - 
4 
0 
Contents of Accumulator 
A 


8 
1 
Stack Pointer - 5 
0 
Contents of Accumulator 
B 


9 
1 
Stack Pointer - 6 
0 
Contents of Condo Code Register 


10 
0 
Stack Pointer - 
7 
1 
Irrelevant 
Data (Note 1) 


11 
1 
Vector Address FFFA 
(Hex) 
1 
Address of Subroutine 
(High Order 
Byte) 


12 
1 
Vector 
Address FFFB 
(Hex) 
1 
Address of Subroutine 
(Low Order 
Byt.) 


BCC 
BHI 
BNE 
1 
1 
Op Code Address 
1 
Op Code 
BCS 
BLE 
BPL 
2 
1 
Op Code Address + 1 
1 
Branch Offset 
BEa 
8LS 
BRA 
4 
BGE 
BLT 
BVC 
3 
0 
Op Code Address + 2 
1 
Irrelevant 
Data (Note 1) 
BGT 
BMI 
BVS 
4 
0 
Branch Address 
1 
Irrelevant 
Data (Note 1) 


BSR 
1 
1 
Op Code Address 
1 
Op Code 


2 
1 
Op Code Address + 1 
1 
Branch Offset 
3 
0 
Return Address of Main Program 
1 
Irrelevant 
Data (Note 
11 


8 
4 
1 
Stack Pointer 
0 
Return 
Address (Low Order Byte) 


5 
1 
Stack Pointer - 
1 
0 
Return Address (High Order Byte) 
6 
0 
Stack Pointer - 
2 
1 
Irrelevant 
Data INote 1) 


7 
0 
Return Address of Main Program 
1 
Irrelevant 
Data (Note 1) 


8 
0 
Subroutine 
Address INote 4l 
1 
Irrelevant 
Data (Note 1) 


NOTES: 


1 If device which 
is addressed during 
this cycle uses VMA, 
then the Data Bus will go to the high-impedance 
three-state 
condition. 


Depending on bus capacitance, 
data from the previous cycle may be retained on the Data Bus. 


2. Data 
is ignored 
by the MPU. 


3. For TST, 
VMA=Q 
and Operand 
data does 
not change. 


4. MS 
Byte of Address 
Bus= 
MS 
Byte of Address 
of BSR Instruction 
and 
LS Byte of Address 
Bus= 
LS Byte 
of Sub· Routine 
Address. 
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Package Type 
Frequency MHz 
Temperature 
Order Number 


Plastic 
1.0 
O·C to 70·C 
MC6802P 


P Suffix 
1.0 
- 40·C 
to + 85·C 
MC6802CP 
1.5 
O·C to 70·C 
MC68A02P 


1.5 
- 40·C to + 85·C 
MC68A02CP 


2.0 
O·C to 70·C 
MC68B02P 


Cerdip 
1.0 
O·C to 70·C 
MC6802S 


S Suffix 
1.0 
- 40·C 
to + 85·C 
MC6802CS 
1.5 
O·C to 70·C 
MC68A02S 
1.5 
- 40·C to + 85·C 
MC68A02CS 


2.0 
O·C to 70·C 
MC68B02S 


PIN ASSIGNMENT 
I 


VSS 
40 
RESET 


HALT 
39 
EXTAL 


MR 
38 
XTAL 


IRQ 
37 
E 


VMA 
36 
RE 


NMI 
35 
VCC Standby 


BA 
34 
RNV 


VCC 
33 
DO 


AO 
32 
01 


Al 
31 
02 


A2 
30 
03 


A3 
12 
29 
04 


A4 
"13 
28 
05 


A5 
14 
27 
06 


A6 
15 
26 
07 


A7 
16 
25 
A15 


A8 
17 
24 
A14 


A9 
18 
23 
A13 


A10 
19 
22 
A12 


A11 
20 
21 
VSS 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-277 


MOTOROLA 
- 
SEMICONDUCTOR 
-------------- 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcomputer Unit 


II 


MC6804J1 
HMOS 
(high-density 
NMOS) 
microcomputer 
unit 
(MCU) 
is a member 
of the M6804 
Family 
of serial 
processing 
microcomputers. 
This device 
displays 
all the versatility 
of an MCU 
whose 
design-ability 
to process 
8-bit 
variables 
one bit at a time 
already 
makes 
it tremendously 
cost 


effective. 


This technical 
summary 
contains 
limited 
information 
on the 
MC6804J1. 
For detailed 
information, 
refer to the advanced 
information 
data 
sheet for the 
MC6804J1, 
MC6804J2, 
MC6804P2. 
and 
MC68704P2 
8-bit 
microcomputers 
(MC6804J1/D) 
or to the M6804 MeV Manual (DLE404/D). 


Major 
hardware 
and software 
features 
of the MC6804P2 
MCU are: 


• 
On-Chip 
Clock 
Generator 
• 
True 
Bit Manipulation 


• 
Memory 
Mapped 
1/0 
• 
Bit Test and 
Branch 
Instruction 


• 
Software 
Programmable 
8-Bit Timer 
with 
• 
304 Bytes 
Self-Check 
ROM 
7-Bit 
Prescaler 
• 
Conditional 
Branches 


• 
Single 
Instruction 
Memory 
Examinel 
• 
Timer 
Pin is Software 
Programmable 
as 
Change 
Clock 
Input 
or Timer 
Output 


• 
30 Bytes 
of Data RAM 
• 
504 Bytes of User 
Program 
Space 
ROM 


• 
User Selectable 
Constant 
Current 
Pullup 
Devices 
available 
on LSTIL 
and Open-Drain 
Interface 
Ports 


• 
Mask 
Selectable 
Edge- 
or Level-Sensitive 
Interrupt 
Pin 


8·81T 


COUNTER 


TIMER/STATUS 


CONTROL REGISTER 


ACCUMULATOR 


A 


INDIRECT 


PA4 
REGISTER 


PORT 
INDIRECT 
A 
PA5 
PORT 
OATA 
REGISTER 
I/O 
A 
DlR. 
CPU 


LINES 
PA6 
REG. 
REG. 


STACK 


PAl 
PROGRAM 


COUNTER 


HIGH 
PCH 


504 x 8 
PROGRAM 


USER PROGRAM ROM 
COUNTER 


304x8 
LOW 
PCL 


SELF-CHECK 
ROM 


CPU 


CONTROL 


PBO 
PBI 


PB2 
PORT 
OATA 
PB3 
B 
OIR. 
PB4 
I/O 
REG. 
PB5 
LINES 
PB6 
PBl 


AlU 
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VCCAND 
VSS 
Power 
is supplied 
to the microcomputer 
using 
these 
two 
pins. 
VCC is +5 
volts 
(±O.5 
V) power, 
and VSS is 
ground. 


IRQ 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
an external 
interrupt 
to the microcomputer. 


EXTAL AND XTAL 


These 
pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
is connected 
to these 
pins 
to provide 
a system 
clock. Selection 
is made 
by a man- 
ufacturing 
mask option. 
The different 
clock generator 
op- 
tions 
are 
shown 
in 
Figure 
1, 
along 
with 
crystal 
specifications. 


Internal 
Clock Options 


The crystal oscillator 
start-up 
time is a function 
of many 
variables. 
To ensure 
rapid oscillator 
start-up, 
neither 
the 
crystal 
characteristics 
nor load capacitances 
should 
ex- 
ceed recommendations. 
When 
using the on-board 
oscil- 
lator, 
the MCU should 
remain 
in a reset condition, 
with 
the RESET pin voltage 
below VIRES +, until the oscillator 
has stabilized 
at its operating 
frequency. 
See Figure 2 for 
resistor/capacitor 
oscillator 
options. 


NC 


EXTERNAL 


CLOCK 


INPUT 


MC" 


XTAl 
ICRYSTAl 
MASK 


OPTlONl 


CRYSTAL 
PARAMETERS 


AT 
CUT 
PARAllEl 
RESONANCE 
CRYSTAL 


Co 
7 pF 
MAXIMUM 


FREO. 
"" 11 
MHz 


RS = 50 OHMS MAXIMUM 


PIEZOELECTRIC 
CERAMIC 
RESONATORS 
MAY 8E 


SUBSTITUTEO 
FOR 
THE 
CRySTAl. 
FOllOW 


MANUFACTURER 
S 
CERAMIC 
RESONATOR 


SPECIFICATIQf.I$ 


TIMER 
The TIMER pin can be configured 
to operate 
in either 
the input or output 
mode. As input, 
this pin is connected 
to the prescaler 
input 
and serves 
as the timer 
clock. As 
output, 
the timer 
pin reflects 
the contents 
of the DOUT 
bit of the timer 
status/control 
register, 
the last time 
the 
TMZ bit was logic 
high. 


RESET 
The RESET pin is used to restart 
the processor 
to the 
beginning 
of a program. 
The program 
counter 
is loaded 
with 
the address 
of the restart 
vector. 
This should 
be a 
jump 
instruction 
to the first 
instruction 
of the main 
pro- 
gram. Together 
with 
the MDS pin, the RESET pin selects 
the operating 
mode 
of the MCU. 


MDS 
The mode select (MDS) pin places the MCU into special 
operating 
modes. 
When this pin is logic 
high at the exit 
of the reset state, the decoded 
state of PA6 and PA7 is 
latched to determine 
the operating 
mode. This choice can 
be either the single-chip, 
self-check, 
or EPROM program- 


ming. 
However, 
if MDS is logic low at the end of the reset 
state, 
the 
single-chip 
operating 
mode 
is automatically 
selected. 
No external 
diodes, 
switches, 
transistors, 
etc. 


are required 
for single-chip 
mode selection. 


INPUT/OUTPUT 
LINES (PA4-PA7, 
PBO-PB7) 


These 12 lines are arranged 
into one 4-bit port (A) and 
one 8-bit 
port 
(B). All lines are programmable 
as either 


MC" 


IRESISTOR 
CAP.aCITQR 
MASK 


OPTION: 


tACU 


EXTAl 
ICRY$TAL 
MASK 


OPTlONl 


• 
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25 


20 
~~ 15 
~ 
u 
~ 
~ 
10 


! 
! 
~ 
15 pf AT 25°C 


--- 
22 pf AT 25°C - 
\ 
••••••••• 
27 pf AT 25°C 


._.- 
36 pf AT 25°C 
- 
.~\.....•.• 


•• _ •• _- 
50 pf AT 25°C 
...~-,I" 
1', ',' ~:-. l'--.... 
'. 


.... '.:'- 
.......•.... 
.~ 
,~. 
...•..•.:.. .."::.-:- ...- 
.... •... I-~ 
'" :::::::: ::.:;. 
....-..- :.."::"- 
~:::. 
...... ........ 


8 
10 
12 
14 


RL. LOAD RESISTANCE IkOl 


III 
TYPICAL fREQUENCY VS RESISTANCE 


8.2 


8.0 


7.8 


:i:~ 
7.6 
~ 
u 


7.4 
~ 
~ 
7.2 


7.0 


6.8 


-- 
•.... 
i-- 
-~~ 


_lll:;- 
...- 
~~ 
-- 
-- 
--I-- 
[;;7 
--I-- 
1~C -~ 
...... 
---- 
....... ........ 


85°C 
.... 
.... 
...... ...... 
.... 
ro·· 


4.8 
4.9 
50 
5.1 
5.2 
53 


VCC. SUPPLY VOLTAGE IVI 


Ibl 
TYPICAL fREQUENCY VARIATIONS @ CL = 15 pf. 
10 kO 
I 


9.8 


9.6 


~ 9.4 
~~ 
9.2 
u~ 
:::> 
9.0 
S 
ff: 
8.8 


8.6 


.- - 


....... .., 


- 
.... 


llloC 
...... 
- 
...... 
'-- 
,.,~.~ ..' ~- 
-- 
......., •• , 
i5°C - 
~ 
... 
-..,. 
~ 
...... 
...- 
85°:'" -- 
- 
- 
~ - 
~ 


8.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 


VCC. SUPPLY VQLTAGE IVI 


lei TYPICAL fREQUENCY VARIATIONS @ CL = 50 pf. 
3 kO 


Figure 
2. Typical 
Frequency 
Selection 
for 
Resistor/Capacitor 
Oscillator 
Options 


inputs 
or outputs 
under software 
control 
of the data di- 
rection 
registers. 


INPUT/OUTPUT 
PROGRAMMING 


There are 12 input/output 
pins. All pins of each port 
are programmable 
as inputs or outputs 
under the control 
of the data direction 
registers 
(DDR). 


The port I/O programming 
is accomplished 
by writing 
the corresponding 
bit in the port DDR to a logic one for 
output, 
or a logic zero for input, 
as shown 
in Figure 3. 


When 
the 
registers 
are 
programmed 
as outputs, 
the 
latched 
data is readable 
regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
All the I/O pins are LSTTL compatible 
as both 
inputs 
and outputs. 
In addition, 
both 
ports 
may use either 
or 
both of two manufacturing 
mask options; 
open drain out- 
put, or internal 
pull-up 
resistor 
for CMOS compatibility. 


Any write 
to a port writes 
to all of its data bits even 
though 
the port 
DDR may be set to input. 
This can be 
used as a tool 
to initialize 
the data registers 
and avoid 


undefined outputs. However, care must be exercised when 
using read-modify-write 
instructions. 
The data read cor- 
responds 
to the pin level if the DDR is an input or to the 
latched output 
data when 
the DDR is an output. 


The 12 bidirectional 
lines 
may be configured 
by port 
to be the standard 
configuration 
(LSTTL), or either 
mask 
option; 
LSTTUCMOS, 
or open drain. 
Port B outputs 
are 
LED compatible. 


Port 
Data 
Registers 
($00, $01) 


The port data registers are not initialized on reset. These 
registers 
should 
be initialized 
before 
changing 
the DDR 
bits to avoid 
undefined 
levels. 
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OATA 


OIRECTION REGISTER 


BIT 


en 
;i~ 
Z 
I- 


ffi~ 
I- 
Z 
Z Z 
- 
0'-' 


LA 
HEO 


OUTPUT 


OATA 


BIT 


DATA 


DIRECTION 
OUTPUT 
INPUT 


REGISTER 
DATA 
OUTPUT 
TO 


BIT 
BIT 
STATE 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 
0 
X 
HIZ 
PIN 


r---- 
I 
I 
I 
IL 
_ 


*For CMOS option transistor acts as resistor (approximately 40 kill t,) VCc. 


For LSTTl/open·drain 
options transistor acts as low current clamping diode to VCC· 


With regard to Port A only, the four LSB bits are unused. 


These 
bits are "don't 
care" 
(X) bits when 
written 
to but 
are always 
logic 
high when 
read. 


Port Data Direction 
Registers 
($04, $05) 


Port DDRs configure 
the port pins as either 
outputs 
or 


inputs. 
Each port pin can be programmed 
individually 
to 


be an input or an output. 
A zero in the pin's corresponding 


DDR bit programs 
it as an input; 
a logic one programs 
it 
as an output. 
On reset, all the 
DDRs are initialized 
to a 


logic zero state to put the ports 
in the input 
mode. 


Port A ($04) 


4 
3 


Port B ($05) 


4 
3 


With 
regard 
to Port A, the four 
LSB bits are cleared 


(logic 
zero) 
by reset. These 
bits 
must 
not 
be set (logic 
one). 


The MCU memory 
map (Figure 4) consists of 4352 bytes 
of addressable 
memory, 
I/O register 
locations, 
and four 


levels of stack space. This MCU has three separate 
mem- 


ory spaces: 
program 
space, data space, and stack space. 


The MCU is capable 
of addressing 
4096 bytes of pro- 


gram 
space memory 
with 
its program 
counter 
and 256 
bytes 
of data space 
memory 
with 
its instructions. 
Pro- 
gram 
space memory 
includes 
self-check 
ROM, program 
ROM, self-check 
and user program 
vectors, 
and reserved 
memory 
locations. 
A non-accessible 
subroutine 
stack space RAM is pro- 


vided. This stack space consists of a last-in-first-out 
(LIFO) 


register. 
This 
register 
is used with 
inherent 
addressing 


to stack the return address for subroutines 
and interrupts. 
Indirect 
X and Y register 
locations 
$80 and 
$81 are 
generally 
used as pointers 
for such tasks as indirect 
ad- 


dressing 
to data space locations. 
Short direct 
addressing 
allows 
access to the four 
data space addresses 
$80-$83 


with 
single 
byte 
opcodes. 
The operations 
allowed 
are 


increment, 
decrement, 
load, 
and 
store. 
Data 
space 
lo- 


cations 
$82 and $83 can be used for 8-bit 
counter 
loca- 


tions. 


• 
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408 


4088 


4089 


4090 


4091 


4092 


4093 


4094 


4095 


0 
PORT A OATA REGISTER 
$ 


1 
PORT 8 OATA REGISTER 
$ 


2 
RESERVEO 
I 


3 
12 BYTES) 
I 


PORT A OOR 
I 


5 
PORT BOOR 
$ 


6 
RESERVEO 
$ 


8 
13 BYTESI 
$ 


9 
TIMER STATUS CONT. REG. 
$ 


:::: 
RESERVED 
$ 


114 8YTESI 
;; 


I 


I 


USER OATA SPACE ROM 
I".. 


RESERVEO 


12784 
BYTES) 


RESERVED 


1496 BYTES) 


RESERVEO 


132 BYTES) 


1504 BYTES) 
~ 


7 
I 


SELF-CHECK 
$ 


IRQ VECTOR 


$ 


SELF-CHECK 
I 


RESTART VECTOR 
$ 


USER 
I 


IRQ VECTOR 
I 


USER 
$ 


RESTART VECTOR 
I 


FF7 


FF8 


FF9 
252 
IFC 


FFA 
253 
PRESCALER REGISTER 
$FO 


FFB 
254 
TIMER COUNT REGISTER 
IFE 
FFC 


FFO 


255 
ACCUMULATOR 
IFF 


HE 
OATA SPACE 
FFF 
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ACCUMULATOR 
IAI 
The accumulator 
is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7'----A---- 


INDIRECT 
REGISTERS 
IX,VI 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect 
addressing 
mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set! 
clear modes. 


7 
0 
I======x=====1 


PROGRAM COUNTER 
IPCI 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. The program 
counter is contained in low byte (PCl) and high nibble 
IPCH). 


FLAGS 
IC,Z1 


The first flag, the carry (C)bit, is set on a carry or borrow 
out of the arithmetic logic unit (AlU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. 
It participates in the rotate left (ROLA) 
instruction, as well. 


The second flag, the zero (Zl bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 


NORMAL 
FLAGS 


There are two sets of these flags. One set is for interrupt 
processing (interrupt 
mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTIforces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


STACK 
A last-in-first-out (LIFO)stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12 bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 
Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 


Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET* goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode's stages for 
successful completion 
requires external circuitry, 
see 
M6804 MeV Manual (DlE404/D). 
• 


RESET 


All resets of the MC6804J1 are caused by the external 
reset input (RESET).A reset can be achieved by pulling 
the RESETpin to logic low for a minimum of 96 oscillator 
cycles. 
During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESETinput to go high. If power is 
being applied, RESETmust be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESETinput, 
as shown in Figure 5 below, typically provides sufficient 
delay. 
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The MCU c~e 
interrupted 
by applying 
a logic 
low 
signal 
to the IRQ pin. However, 
a manufacturing 
mask 
option 
determin~ 
whether 
the falling 
edge or the actual 
low level of the IRQ pin is sensed to indicate 
an interrupt. 


When the IRQ pin is pulled 
low, the internal 
interrupt 
request 
latch 
is set. Prior to each instruction 
fetch, 
this 
interrupt 
request 
latch 
is tested. 
If its output 
is low, 
an 
interrupt 
sequence 
is initiated 
at the end of the current 
instruction, 
provided 
the interrupt 
mask is cleared. Figure 
6 contains 
a flowchart 
that illustrates 
both the reset and 
interrupt 
sequences. 


The interrupt 
sequence 
consists 
of one cycle 
during 
which: 


The interrupt 
request 
latch is cleared; 


The interrupt 
mode flags are selected; 


The program 
counter 
(PC) is saved on the stack; 


The interrupt 
mask is set; and 


The IRQ vector 
jump 
address 
is loaded 
into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip 
mode 
and $FF8-$FF9 in the self-check 
mode. 
The 
contents 
of these locations 
are not decoded as an address 
to which 
the PC should 
jump. 
Instead, they are decoded 
like any other 
EPROM program 
word. 
So, it is essential 


O-OOlls 
l-IJillUIAUPTMJ,SI( 


D-IHTERRUPTAEOUEST 


lATCH 
((OGE 


SENSlTlvtOf'TIONl 
HF_TCII 
,oa_TSCR 


$ff-PR(SCAltR 


dition to the starting 
address 
of the interrupt 
service 
rou- 
tine. 
If required, 
this 
routine 
should 
save the values 
of 
the accumulator 
and the X and Y registers, 
since these 
values 
are not stored 
on the stack. 


Internal 
processing 
of the interrupt 
continues 
until 
a 
return 
from 
interrupt 
(RTI) instruction 
is processed. 
Dur- 
ing RTI the interrupt 
mask 
is cleared 
and the 
program 
mode flags are selected. 
The next instruction 
of the pro- 
gram 
is then fetched 
and executed. 


When 
the interrupt 
was 
initially 
detected 
and the 
in- 
terrupt 
sequence 
started, 
the interrupt 
request 
latch was 
cleared so that the next interrupt 
could be detected. 
These 
steps occurred 
even as the first interrupt 
was being serv- 
iced. However, 
even though 
the second 
interrupt 
edge 
set the interrupt 
request 
latch during 
the first 
interrupt's 
processing, 
the second 
interrupt's 
sequence 
can not be- 
gin until 
completion 
of the interrupt 
service 
routine 
for 
the first interrupt. 
Completion 
of an interrupt 
service 
rou- 
tine is always 
accomplished 
using 
an RTI instruction 
to 
return 
to the main 
program. 
The interrupt 
mask, which 
is not directly 
available 
to the 
programmer, 
is cleared 
during 
the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION 


Actual 
operation 
of the level-sensitive 
and edge-sen- 
sitive 
options 
are similar. 
However, 
the 
level-sensitive 
option 
does 
not 
have an interrupt 
request 
latch. 
Since 
there 
is no interrupt 
request 
latch, the logic 
level of the 
IRQ pin is checked 
to detect 
the 
interrupt. 
Also, 
in the 
interrupt 
sequence 
there is no need to clear the interrupt 
request 
latch. These differences 
are shown 
in Figure 6. 
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POWERUP 
AND TIMING 


During 
the 
powerup 
sequence, 
the 
interrupt 
mask 
is 
closed. 
This precludes 
any false interrupts. 
The PC is also 
loaded 
with 
the appropriate 
restart 
vector 
(jump 
instruc- 
tion). 
To open 
the interrupt 
mask, 
the user should 
do a JSR 
to 
an initialization 
subroutine 
that 
ends 
with 
an RTI in- 
stead 
of an RTS. The RTI opens 
the interrupt 
mask. 
Typ- 
ical 
RESET and 
IRQ processes 
and their 
relationship 
to 
the 
interrupt 
mask 
are shown 
in Figure 
7. 


Maximum 
interrupt 
response 
time is six machine 
cycles. 
This 
includes 
five 
cycles 
for the 
longest 
instruction 
plus 
one for stacking 
the PC and switching 
flags. 


A block 
diagram 
of 
the 
MC6804J1 
timer 
circuitry 
is 
shown 
in Figure 
8. The timer 
logic 
in the 
MCU 
is com- 
prised 
of a simple 
8-bit 
counter 
called 
the timer 
counter. 


This counter 
is decremented 
by a 7-bit prescaler 
at a rate 
determined 
by the timer 
status/control 
register 
(TSCR). 


PRESCALER 


The prescaler 
is a 7-bit counter 
used to extend 
the max- 
imum 
interval 
of the overall 
timer. 
This counter 
is clocked 
by a signal 
from 
the TIMER 
pin or by the 
internal 
sync 
pulse. 
It divides 
the frequency 
received 
by some 
factor 


INIT 
INITIALIZATION 
SUBROUTINE 


INTERRUPT 
MASK 
CLOSED 


INTERRUPT 
MASK 
CLOSED 


• 
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SYNC 


3:0 
-t0 
;,:l0 
TIMER 
!j; 
PIN 
3:n 
w 
;,:l 
N 
0 
00 
"1l 
01 
;,:l0 
(')m 
CII 
CII0 
;,:l 
C 
~» 


PRESCALER 
TIMER 


TOUT 
CLOCK 
PIN 


0 
TIMER PIN 
INPUT MODE 


1 
SYNC 
OUTPUT MODE 


TIMER COUNT REGISTER 


ITCR) 


III 


MICROCOMPUTER 
INTERNAL BUS 


READ 


TIMER STATUS/CONTROL 


REGISTER ITSCR) 


to create 
the prescaler 
output. 
The factor 
by which 
the 
TIMER 
pin signal 
is divided 
is called 
the prescaler 
tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2l. These bits control 
the division 
ofthe 
prescaler 
input within 
the range of divide-by-20, 
to divide-by-27. 


The timer 
counter, 
which 
may be read or loaded under 
program 
control, 
is decremented 
from a maximum 
value 
of 256 toward 
zero by the prescaler 
output. 
Both are dec- 
remented 
on rising 
clock edges. 


The 
prescaler 
register 
and 
timer 
count 
register 
are 
readable 
and writeable. 
A write 
to either 
one will 
take 
precedence 
over 
the 
normal 
counter 
function. 
For ex- 
ample, 
if a value 
is written 
to the timer 
count 
register, 
and this write 
and a decrement-to-zero 
occur at the same 
time, 
the write 
takes precedence. 
TSCR bit one (TMZl 
is 
not set until the next timer 
time 
out. 


The TIMER pin may be programmed 
as either an input 
or an output. 
Its status depends 
on the value of TSCR bit 
5 (TOUT). 
This 
relationship 
is shown 
in the TIMER pin 
status 
section 
of Figure 8. The frequency 
of the internal 
clock applied 
to the TIMER pin must 
be less than tbyte, 


which 
is (fosc/48). 


In the timer 
input 
mode, 
TOUT 
is logic 
zero and the 
TIMER 
pin is connected 
directly 
to prescaler 
input. 
So, 
the prescaler 
is clocked by the signal from the TIMER pin. 
The prescaler 
divides 
the TIMER pin clock 
input 
by the 
prescaler 
tap. The prescaler 
output 
then clocks the 8-bit 
timer 
count 
register. 
When this register 
is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested 
under 
program 
control. 


In the output 
mode, the TIMER pin is output. 
TOUT is 
a logic one. The prescaler 
is clocked 
by the internal 
sync 
pulse. This pulse is a divide-by-48 
ofthe 
internal 
oscillator 
(fosc/48l. 
From this point 
on, operation 
is similar 
to that 
described 
for 
the 
input 
mode. 
However, 
in the output 
mode, 
once the prescaler 
decrements 
the timer 
counter 
to zero, the high TMZ bit state is used to latch the data 
at TSCR bit 4 (DOUT), onto the TIMER pin. 


NOTE 


TMZ 
is normally 
set to logic 
one when 
TCR dec- 
rements 
to zero and the timer 
times 
out. However, 
it may be set by a write 
of $00 to the timer 
counter 
or by a write 
to bit 7 of TSCR. 


TIMER 
COUNT 
REGISTER 
($FE) 


The timer 
count 
register 
reflects 
the current 
count 
in 
the internal 
8-bit counter. 
The register 
is the timer counter 
and can be read or written. 


• 


TMZ - 
Timer 
Zero 
1 = Timer 
count 
register 
has decremented 
to zero 
since the last time the TMZ bit was read. 
0= This bit is cleared 
by a read of the TSCR if TMZ 
is read as logic one. 


Bit 6 
Not used by this register. 


TOUT - 
Timer 
Output 
1 =Output 
mode 
is selected 
for the timer. 
0= Input mode 
is selected 
for the timer. 


DOUT - 
Data Output 
Latched data at this bit is sent to the TIMER pin when 
both the TMZ and TOUT bits are logic high. 


PSI - 
Prescaler 
Initialization 
1= Prescaler 
begins 
to decrement. 
0= Prescaler is initialized 
and counting 
is inhibited. 


PSO-PS2 
These bits are used to select the prescaler 
tap. The 
coding 
of the bits is shown 
below: 


PS2 
PSl 
PSO 
Divide By 
° 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


It is recommended 
that 
MVI or loading 
and 
storing 
instructions 
be used 
when 
changing 
bit values 
in the 
TSCR. Read-modify-write 
instructions 
can cause the TMZ 
to assume 
an unexpected 
state. 
During 
reset, the TSCR is set to all zeroes; 
the TIMER 
pin 
is in the 
high 
impedance 
input 
mode; 
and 
DOUT 
LATCH is forced 
to a logic high. At the same time, 
PSO- 
PS2 coding 
sets the prescaler 
tap at divide-by-one, 
and 
bit 3 initializes 
the prescaler. 
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The timer 
prescaler 
register 
reflects 
the current 
count 
ofthe 
7-bit prescaler. 
This register 
is the prescaler 
counter 
and can be read or written. 


6 
I MSB 


forms 
along with 
all bit manipulation 
instructions 
use this 
method. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment Memory Location 
INC 


Increment A 
INCA 


Increment XP 
INCX 


Increment YP 
INCY 


Decrement Memory Location 
DEC 


Decrement A 
DECA 


Decrement XP 
DECX 


Decrement YP 
DECY 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 


lowing 
list of instructions. 


Function 
Mnemonic 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
(BHS) 


Branch if Carry Set 
BCS 


Branch if Lower 
(BLOI 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the 
256 
bytes 
of data 
space, 
where 
all 
port 
registers, 
port 
DDRs, 
timer, 
timer 
control, 
and 
on-chip 
RAM reside. 
An additional 
feature 
allows 
the software 
to 
test and branch 
on the state 
of any 
bit within 
these 
256 
locations. 
The 
bit set, bit clear, 
and 
bit test 
and 
branch 
functions 
are all implemented 
with 
a single 
instruction. 


For the test and 
branch 
instructions, 
the value 
of the 
bit 
tested 
is also placed 
in the carry 
bit of the condition 
code 
register. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Branch If Bit n is Set 
BRSET n(n = 0 . .. 7) 


Branch If Bit n is Clear 
BRCLR n(n=O ... 
71 


Set Bit n 
BSET n(n=O . .. 7) 


Clear Bit n 
BCLR n(n~O ... 
7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are used 
to control 
processor 
op- 
eration 
during 
program 
execution. 
The jump 
conditional 


The MCU 
has a set of 42 basic 
instructions. 
They 
can 
be divided 
into five different 
types: 
register/memory, 
read- 


modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 


erand 
is the 
accumulator; 
the 
other 
is obtained 
from 
memory 
using 
one of the addressing 
modes. 
Refer to the 
following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load XP from Memory 
LDX 


Load YP from Memory 
LDY 


Store A in Memory 
STA 


Add to A 
ADD 


Subtract from A 
SUB 


AND Memory to A 
AND 


Transfer A to XP 
TAX 


Transfer A to YP 
TAY 


Transfer YP to A 
TYA 


Transfer XP to A 
TPA 


Clear A 
CLRA 


Clear XP 
CLRX 


Clear YP 
CLRY 


Arithmetic 
Compare with Memory 
CMP 


Move Immediate Value to Memory 
MVI 


Arithmetic 
Left Shift of A 
ASLA 


Complement 
A 
COMA 


Rotate A Left and Carry 
ROLA 


READ-MODIFY 
-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the modified 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-288 


(JMP) 
and jump 
to subroutine 
(JSR) instructions 
have no 
register 
operand. 
Refer 
to the 
following 
list 
of 
instruc- 
tions. 


Function 
Mnemonic 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


No Operation 
NOP 


Jump to Subroutine 
JSR 


Jump Unconditional 
JMP 


IMPUEDINSTRUcnONS 


Since the accumulator 
and all other registers are located in 
RAM, many implied instructions 
exist. Some of the instructions 
recognized and translated 
by the assembler are shown below: 


Mnemonic 
Becomes 
Mnemonic 
Becomes 


ASLA 
ADD $FF 
INCX 
INC $80 


BHS 
BCC 
INCY 
INC $81 


BLO 
BCS 
LDXI 
MVI $80 DATA 


CLRA 
SUB $FF 
LDYI 
MVI $81 DATA 


CLRX 
MVI $80 #0 
NOP 
BEG (PC) +1 


CLRY 
MVI $81 #0 
TAX 
STA $80 


DECA 
DEC $FF 
TAY 
STA $81 


DECX 
DEC $80 
TXA 
LDA $80 


DECY 
DEC $81 
TYA 
LDA $81 


INCA 
INC $FF 


Some 
examples 
of valuable 
instructions 
not 
specifi- 
cally 
recognized 
by the assembler 
are shown 
below: 


Mnemonic 
Meaning 


BCLR 7,$FF 
Ensures A is plus 


BSET 7, $FF 
Ensures A is minus 


BRCLR 7, $FF 
Branch if A is plus 


BRSET 7, $FF 
Branch if A is minus 


BRCLR 7, $80 
Branch if X is plus (BXPL) 


BRSET 7, $80 
Branch if X is minus (BXMI) 


BRCLR 7, $81 
Branch if Y is plus (BYPLI 


BRSET 7, $81 
Branch if Y is minus (BYMI) 


OPCODE 
MAP 


Table 
1 is a listing 
of all the 
instruction 
set opcodes 
applicable 
to the 
MC6804J1 
MCU. 


The MCU 
has nine different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportun,ity 
to optimize 
the 
code 
for 
all situations. 
It deals 
with 
objects 
in three 
dif- 
ferent 
address 
spaces: 
program 
space, 
data 
space, 
and 


stack space. The term 
"effective 
address" 
(EA) is used in 
describing 
the 
various 
addressing 
modes. 
Effective 
ad- 
dress is defined 
as the address 
from 
which 
the argument 
for an instruction 
is fetched 
or stored. 


In the immediate 
addressing 
mode, 
the operand 
is lo- 
cated 
in program 
ROM. 
It is contained 
in the 
byte 
im- 
mediately 
following 
the 
opcode. 
The 
immediate 
addressing 
mode 
is used to access constants 
that 
do not 
change 
during 
program 
execution, 
such 
as a constant 
used to initialize 
a loop 
counter. 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows 
the user to directly 
address 
the 
256 bytes 
of data 
space 
with 
a single 
two- 
byte 
instruction. 


SHORT 
DIRECT 


In the short 
direct 
addressing 
mode, 
the MCU 
has four 
locations 
in data 
space 
RAM 
it can use, 
($80, $81, $82, 
and 
$83). 
The opcode 
determines 
the 
data 
space 
RAM 
location, 
and the instruction 
is only one byte. Short 
direct 
addressing 
is a subset 
of the 
direct 
addressing 
mode. 


The X and Y registers 
are at locations 
$80 and $81, 
re- 
spectively. 


In the extended 
addressing 
mode, 
the effective 
address 
of the 
argument 
is obtained 
by concatenating 
the 
four 
least-significant 
bits of the opcode 
with the byte following 
the opcode 
to form 
a 12-bit 
address. 
Instructions 
using 
the extended 
addressing 
mode, 
such as JMP or JSR, are 
capable 
of 
branching 
anywhere 
in 
program 
space. 
An 
extended 
addressing 
mode 
instruction 
is two 
bytes 
long. 


The 
relative 
addressing 
mode 
is only 
used 
in condi- 
tional 
branch 
instructions. 
In relative 
addressing, 
the con- 
tents 
of the 
8-bit 
signed 
byte 
(the offset) 
following 
the 
opcode 
is added 
to 
the 
PC if, and 
only 
if, the 
branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the 
next 
instruction. 
The span of relative 
addressing 
is from 


-15 
to + 16 from 
the opcode 
address. 
The programmer 
need 
not 
calculate 
the 
offset 
when 
using 
the 
Motorola 
assembler, 
since it calculates 
the proper 
offset 
and checks 
to see that 
it is within 
the span of the branch. 


In the 
bit set/clear 
addressing 
mode, 
the 
bit to be set 
or cleared 
is part 
of the 
opcode. 
The byte following 
the 
opcode 
specifies 
the direct addressing 
of the byte in which 
the 
specified 
bit is to be set or cleared. 
Thus, 
any 
bit in 
the 256 locations 
of data space 
memory 
that can be writ- 
ten 
to can 
be set or cleared 
with 
a single 
two-byte 
in- 
struction. 
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Register/Memory, 
Control. and 
Bit Manipulation 
Register/Memory 
and 
Branch 
Instructions 
Aead/ModifylWnte 
Instructions 
Instructions 
Read/Modify/Write 


~l 
:;" 
oo~o 
OO~l 
o~ 
, 


o~o 


7 
,~ 
1;1 
l~O 


B 
C 


1~' 


E 
, 
~ 
.", 
010' 
Dill 
10\1 
"., 
Ino 
11" 
low 


I 
, 
, 
, 
, 
, 
, 
I 
. 
, 


0 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
J$Rn 
JMPn 
MV' 
BRClRO 
BClRO 
lOA 
lOA 
0 
... 
'h 
'h 
'h 
'h 
"" 
'h 
." 
." 
I 
... , 
,.. 
, 
,.. , 
." I 
'" 


IIlllliti 
It ,"to 
... 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
1 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
J$Rn 
JMPn 
BRClRl 
BeLAl 
S7A 
STA 
I 
.", 
, 
." 
." 
." 
'h 
'h 
'h 
"" 
'" 


I 
'" 
I 
'" 
, 
8T81 
1St; 
lII'I<lO 
!tIND 
.", 
, 
, 
, 
, 
, 
, 
, 
, 
. 
, 
, 


2 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
RTI 
BRCLR2 
BClR2 
ADD 
ADD 
2 
.,,, 
, 
'h 
." 
,,, 
." 
." 
'h 
'h , 
." 
I 
,.. , 
'" 


'•••• 
J 
IT81 
'" 


II 'NO 
liIlNO 
.,,, 


I 
, 
I 
, 
, 
, 
, 
I 
, 
, 


3 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
J5Rn 
JMPn 
RTS 
BRClRJ 
BCLR3 
SUB 
SUB 
3 
.,,, 
." 
'h 
." 
." 
'h 
'h 
'h 
'h 
I 
,.. , 
,.. 
'" , 
'181 
'" 


!l'I\IO 
1111100 
"''' 
I 
I 
, 
I 
, 
, 
, 
, 
, 
· 
• 
BNE 
BNE 
BEO 
BEO 
BCC 
Bec 
BCS 
BCS 
JSAn 
JMPn 
COMA 
BAClA4 
BClR4 
CMP 
CMP 
• 
"., 
Ill;. 
'h 
." 
." 
'h 
'h 
." 
'h , 
... , 
'" 
'" , 
8181 
'" 


II 'NO 
11'1\10 
"., 
, 
, 
, 
, 
, 
, 
, 
I 
. 
, 
· 
S 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
J5Rn 
JMPn 
AOLA 
BRClA5 
aClAS 
AND 
AND 
S 


0101 
'h 
'h 
'h 
." 
"" 
'h 
'h , 
"" , 
... , 
HT 
'" , 
'181 
'" 


IIINO 
lIIlt40 
0101 
, 
, 
, 
, 
, 
, 
I 
, 
, 


6 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSAn 
JMPn 
BRClR6 
BCLR6 
'NC 
'NC 
6 


0110 
, 
'h , 
on 
'h 
'h 
'h 
'h 
'h 
'h , 
'" , 
... 
, 
8T81 
'" 


III 1100 
II; 'NO 
ono 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
7 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
J5Rn 
JMPn 
BReLA7 
BeLA7 
DEC 
DEC 
7 


0111 
, 
'h 
'h 
'h 
'h 
'h 
'h 
'h 
." , 
'" , 
'" 
, 
8181 
'" 


1'11"'0 
1'111\10 
0111 
, 
, 
, 
, 
, 
, 
, 
, 
. 
, 
· 
B 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
'NC 
DEC 
BRSETO 
aSHO 
LOA 
lOA 
B 


,." 
, 
." , 
." 
'h , 
'h 
'h 
'h 
'h 
'h , 
... , 
,.. , 
" 
'0 , 
"82 
'" , 
,.. , 
~.,.. 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
9 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
'NC 
DEC 
BRSHl 
8SHl 
, 
STA 
9 


,." 
." 
'h 
"" 
." 
'h 
'h 
'h 
"" , 
'" , 
,.. 
" 
" , 
.", 
'" 
, ~.,." 
, 
, 
, 
, 
, 
, 
, 
, 
, 


A 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
J$Rn 
JMPn 
'NC 
DEC 
BR5ET2 
BSEl2 
ADD 
ADD 
A 


11)10 
'h , 
'h 
.n 
'h , 
'" 
.n 
.n 
'n , 
'" , 
.., 
'" 
" , 
8T81 
'" , 
IMIoI 
1 
~. 1010 
, 
, 
, 
, 
, 
, 
, 
, 
, 


B 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
'NC 
DEC 
BASET3 
BSH3 
SUB 
SUB 
B 


lOll 
, 
'h 
'" 
'h 
'" 
'n , 
'" 
" 
'" , 
,.. , 
,.. 
" 
" , 
8181 
'" 
,.. , 
~. lOll 
, 
, 
, 
, 
, 
, 
, 
I 
. 
, 
· 
C 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
LOA 
STA 
BRSET4 
BSET4 
CMP 
eMP 
C 
"., 
", 
'h 
." 
'h 
.n 
'h 
." 
'" , 
.... , 
,.. 
'0 
" , 
8181 
'" , 
,.. 
0," 
"., 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
0 
BNE 
BNE 
BEO 
BED 
BCC 
BCC 
BCS 
BCS 
JSAn 
JMPn 
LOA 
STA 
I 
BRSETS 
BSET5 
AND 
AND 
0 


1101 
, 
'h 
." 
", 
." 
'h 
on 
'h 
'h , 
'" , 
'" 
" 
" 


J 
8T81 
'" , 
IMM 1 
". 


1101 
, 
, 
, 
, 
, 
, 
, 
, 
, 


E 
BNE 
BNE 
BEO 
BED 
BCC 
BCC 
BCS 
BCS 
JASn 
JMPn 
LOA 
STA 
BRSET6 
BSET6 
, 
'NC 
E 


1110 
'n 
." 
'h 
'" 
'" 
.n , 
'h 
'h , 
,.. , 
'" 
" 
" , 
"., 
'" 
, 
". 
1110 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
BNE 
BNE 
BED 
BEO 
BCC 
BCC 
BCS 
BCS 
JSAn 
JMPn 
lOA 
STA 
BASED 
BSED 
, 
DEC 
, 


II" 
'h 
'h 
'h , 
'h , 
.n 
on , 
'h 
.n 
,.. , 
'" 
'0 
" , 
8181 
'" 
, 
". 


1111 


Inherent 
Short Direct 
Bit Tnt 
.nd Branch 


Immedille 
Direct 
Extended 
R~.tive 
Bit SellCIe.r 
Register Indirect 


Cvcles 


MnemOniC 


Bvtes 


CAUTION 


The corresponding OORsfor ports A and B are write 
only registers (registers at $04 and $05). A read 
operation 
on these registers is undefined. Since 
BSET and BClR are read-modify-write 
functions, 
they cannot be used to set or clear a OOR bit; all 
"unaffected" 
bits would be set. Write all OORbits 
in a port using a single-store instruction. 


BIT TEST AND BRANCH 
The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to 12 bits and becomes the offset added to the PC if the 
condition is true. This single three-byte instruction allows 


the program to branch based on the condition 
of any 
readable bit in the 256 locations of data space. The span 
of branching is from 
- 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 


REGISTER·INDIRECT 
In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 
In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long . 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3 
to + 7.0 
V 


Operating Temperature 
Range (Comm.) 
TA 
o to 70 
"C 


Operating Temperature 
Range (Ind.) 
TA 
-40 
to +85 
'c 


Storage Temperature 
Range 
Tsto 
-55to 
+150 
'c 


Junction 
Temperature 
TJ 
150 
'c 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields: however, it is advised that nor- 
mal precautions 
be taken to avoid application 
of 
any voltage higher than maximum-rated 
voltages 
to this high-impedance 
circuit. For proper oper- 
ation it is recommended that Vin and Vout be con- 
strained to the range VSS '" (Vin or Vout) '" VCC· 
Reliability of operation 
is enhanced if unused in- 
puts except EXTAl 
are connected to an appro- 
priate logic voltage level (e.g.. either VSS or Vccl. 


Characteristic 


Thermal Resistance 


The average Chip-junction temperature, TJ' in "C can 
be obtained from: 


TJ=TA+(PO0 
SJA) 
(1) 
where: 


TA 
sJA 


Po 
PINT 
PPORT 


= Ambient Temperature, "C 
= Package Thermal Resistance, 
Junction-to-Ambient, 
"elW 
= PINT+ PPORT 
= ICCx VCC' Watts - 
Chip Internal Power 
= Port Power Oissipation, 


Watts - 
User Oetermined 


For most applications 
PPORT<PINT and can be ne- 
glected. PPORTmay become significant if the device is 
configured to drive Oarlington bases or sink lEO loads. 


An approximate 
relationship 
between Po and TJ (if 
PPORTis neglected) is: 


PO=K-;.(TJ+273"C) 
(2) 
Solving equations (1) and (2) for K gives: 


K= Po 0 (TA + 273"C)+8JAop02 
(3) 
where K is a constant pertaining to the particular part. 


K can be determined from equation (3) by measuring Po 
(at equilibrium) 
for a known TA. Using this value of K, 
the values of Po and TJ can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of TA' 
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II 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Internal Power Dissipation - 
No Port Loading 
PINT 
- 
120 
165 
mW 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Input Capacitance 
Cin 
- 
10 
- 
pF 


Input Current (IRQ, RESET) 
lin 
- 
2 
20 
~ 


SWITCHING 
CHARACTERISTICS 


(VCC= + 5.0 Vdc ± 0.5 Vdc, VSS = GND, TA = O·Cto 70·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
losc 
4.0 
- 
11.0 
MHz 


Bit Time 
tbit 
0.364 
- 
1.0 
••.S 


Byte Cycle Time 
tbvte 
4.36 
- 
12.0 
••.s 


IRQ and TIMER Pulse Width 
twL, twH 
2xtbvte 
- 
- 
- 


RESET Pulse Width 
tRWL 
2xtbvte 
- 
- 
- 


RESET Delay Time (External Capacitance = 1.0 ••.F) 
tRHL 
100 
- 
- 
ms 


Vcc = 5.2 V 


TEST 
MM06150 


POINT 
OR EoUIY. 
Oil 


40 pF 
23k1l 
111107000 


!TOTALI 
OR EQUIV. 


TESTPOINT~ I 
30 pf ITOTALI 


Figure 9. LSTTL 
Equivalent 
Test 
Load 
(Port BI 
Figure 
10. CMOS 
Equivalent 
Test 
Load 
(Ports 
A. B. Cl 
Figure 
". 
LSTTL Equivalent 
Test 
Load 
(Ports 
A. C. 


and TIMER) 


SYNCJI-- 
..... 
lL 
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PORT DC ELECTRICAL 
CHARACTERISTICS 
(VCC= +5.0 Vdc±0.5 
Vdc. VSS=GNO. 
TA=O'C to 7O'C. unless otherwise 
noted) 


CharKteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Ports A and TImer (Standard) 


Output Low Voltage. ILoad = 0.4 mA 
VOL 
- 
- 
0.5 
V 


Output High Voltage. ILoad = - 50 ..,A 
VOH 
2.3 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
..,A 


Port A (Open Drain) 


Output Low Voltage. ILoad = 0.4 mA 
VOL 
- 
- 
0.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
..,A 


Open Drain Leakage (Vout=Vccl 
ILOO 
- 
4 
40 
..,A 


Port A (CMOS Drive) 


Outout Low Voltalle 
ILoad - 0.4 mA (Sink) 
VOL 
- 
- 
0.5 
V 


Output High Voltage. ILoad = -10 
..,A 
VOH 
VCC-1.0 
- 
- 
V 


Output High Voltage. ILoad = - 50 ..,A 
VOH 
2.3 
- 
- 
V 


Input High Voltage. ILoad = - 300 ..,A Max 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage. ILoad = - 300 ..,A Max 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 0.4 V to Vccl 
ITSI 
- 
- 
-300 
..,A 


Port B (Standard) 


Output Low Voltage. ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output Low Voltage.ILoad=10 
mA (Sink) 
VOL 
- 
- 
1.5 
V 


Output High Voltage. ILoad = -100 
..,A 
VOH 
2.3 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
8 
80 
..,A 


Port B (Open Drain) 


Output Low Voltage. ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output Low Voltage. ILoad= 10 mA (Sink) 
VOL 
- 
- 
1.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
8 
80 
..,A 


Open Drain Leakage (Vout=Vccl 
ILCO 
- 
8 
80 
..,A 


Port B (CMOS Drive) 


Output Low Voltage. ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output High Voltage. ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.5 
V 


Output High Voltage. ILoad= -10..,A 
VOH 
VCC-1.0 
- 
- 
V 


Output High Voltage. ILoad = - 100 ..,A 
VOH 
2.3 
- 
- 
V 


Input High Voltage. ILoad = - 300 ..,A Max 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage. ILoad = - 300 ..,A Max 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current (Vin=0.4 
V to Vccl 
ITSI 
- 
- 
-300 
..,A 


Ports A and B (Low Current Clamping Diode-) 


Input High Current VIH=VCC+1.0 
V 
IIH 
I 
- 
- 
100 
..,A 


Input Low Current VIL = 0.8 V 
IlL 
I 
- 
- 
I 
-4.0 
..,A 
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4.0 
13.5 
~ 
z 
3.0I2.5 


~ 
2.0 


$ 


1.5 


~ 


1.0 


~ 
0.5 


0.0 
0 


••••• EXPfCTEO 


MtH 4.5 V 
85°C 


l~ 
z 
~ -100 
a 


~ 
-200 


~ 
~ -300 
~ 


2.5 
3.0 
3.5 
4.0 


VOH, HIGH·LEVEl OUTPUT VOLTAGEIVI 


Figure 14, Typical VOH vs IOH 
for Port A and TIMER 


I 
/ 
TYPICAL / 
.... 


EXPfCTEO 
5.0 V 
2SoV 
..' 
f--- 
-M~X4~~SC 
~, 
/ 
.' 
..' 
/ 
..' 
/ 
./ 
.' 
.' 
EXPfCTEO 
..' 
MIH 4.5 V 
.' 
85°C 
11/ ....' 
'/ .... 


.•.~..•. 
I' 
\0.5 V'I' 
IOAIf 


I 
J....~........t..~ ...- •.,i-- 


12.3 V, 
100,.AI V I 
/" 
/' 
I--x 


!EXP£~TEOI- 
Typt1m 
EX~CTE~ 
- 
f-- 
f-- 


'MIH 
4.5 V,-j 
5.0 V h 
M~X4~;CV- 
l- 
i 
85°C 
25°C 
I 
, 


I 
; 
II 
, 


Figure 1S.Typical VOH vs IOH 
for Port B with CMOS Pullups 


TYPICAL 
5.0 V 
25°C 


Figure 13, Typical VOL vs IOL 
for Port A and TIMER 


$ 
6 -300 
"~ 


12.3 V, - 50 ,.AI 
....... l---" .... 
•..... 
-x 
....... 
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,1 
/ 


iE~PECTEO 
TYPICAL--: 
EXPfCTEO 
iMIN 4.5 V 
5.0 V 
, 
MAX 5.5 V 
85°C 
25°C 
..• 
-40°C 
j 
! 
!, 


~!-100 


~ 
-200 


Figure 15, Typical VOH vs IOH 
for Port A with CMOS Pullups 


l 
!E 
-100I 
~ -200 
5 


1/ 
; 
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The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
using 
the following 
media: 
MOOS@, 
disk file 
MS@-OOS/PC-OOS 
disk file 
(360K) 
EPROM(s) 
2516, 2716, 2532, 2732 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to first 
contact 
the local field 
service 
office, 
sales person, 
or Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MOOS 
or MS-OOS/PC- 
DOS disk file) 
may 
be submitted 
for 
pattern 
generation. 
They should 
be programmed 
with the customer 
program, 
using 
positive 
logic 
sense for address 
and data. The dis- 
kette should 
be clearly 
labeled 
with 
the customer's 
name, 
date, 
project 
or product 
name, 
and the filename 
contain- 
ing the 
pattern. 
In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the 
pattern 
file. 


MOOS 
Disk File 


MOOS 
is Motorola's 
Disk Operating 
System 
available 
on the EXORciser@ development 
system. 
The disk media 
submitted 
must 
be a single-sided, 
single-density, 
8-inch 
MOOS compatible 
floppy 
diskette. 
The diskette 
must con- 
tain 
the 
minimum 
set of MOOS 
system 
files 
in addition 
to the pattern 
file. 
The 
.LO output 
of the 
M6804 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must 
be produced 
using 
the ROLLOUT 
command, 
so that 
it contains 
the absolute 
image 
of the 
M6804 
memory. 
It is necessary 
to include 
the entire 
memory 
image of both program 
and data space. 


All unused 
bytes, 
including 
those 
in the user space, 
must 
be set to logic 
zero. 


MS-ooS/PC-ooS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM~s 
Personal 
Computer 
Disk Operating 
System. 
Disk 
media 
submitted 
must 
be standard 
density 
(360K), 
dou- 
ble-sided 
5 1/4 inch 
compatible 
floppy 
diskette. 
The dis- 


'kette 
must 
contain 
the 
object 
file 
code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6804 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


EPROMS 


Four 
K of EPROM 
are necessary 
to contain 
the entire 
MC6804J1 
program. 
Two 
2516 or 2716 type 
EPROMs 
or 
a single 
2532 or 2732 type 
EPROM can be submitted 
for 
pattern 
generation. 
The EPROM is programmed 
with 
the 
customer 
program 
using 
positive 
logic sense for address 
and data. 
Submissions 
on two 
EPROMs 
must 
be clearly 
marked. 
All 
unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 


If the 
MC6804J1 
MCU 
ROM 
pattern 
is submitted 
on 
one 
2532 or 2732 EPROM, 
or on two 
2516 or 2716 type 
EPROMs, 
memory 
map 
addressing 
is one-for-one. 
The 
data space ROM runs from 
EPROM address 
$018 to $05F 
and program 
space ROM runs from 
EPROM address 
$EOO 
to $FF7, with 
vectors 
from 
$FFC to $FFF. 


For shipment 
to Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC carrier 
and packed securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media, 
EPROMs or floppy 
disks, are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the contractual 
agreement 
for the creation 
of the customer 
mask. To aid 
in the 
verification 
process, 
Motorola 
will 
program 
cus- 
tomer 
supplied 
blank 
EPROM(s) 
or DOS disks 
from 
the 
data file 
used to create 
the custom 
mask. 


ROM Verification 
Units 
(RVUs) 


Ten MCUs containing 
the customers 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the 
pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum 
order 
quantity, 
but 
are not 
production 
parts. 
These 
RVUs are not guaranteed 
by Motorola 
Quality 
As- 


surance. 


Ordering 
Information 


The following 
table 
provides 
generic 
information 
per- 
taining 
to 
the 
package 
type 
and 
temperature 
for 
the 
MC6804J1. 
This 
MCU 
device 
is available 
in the 
20-pin 
dual-in-Iine 
(DIP) package. 


Package Type 
Temperature 
Order Number 


Plastic 
O'C to 70'C 
MC6804J1P 
(P Suffix) 
- 40'C to + 85'C 
MC6804J1CP 


MOOS is a trademark 
of Motorola 
Inc. 
MS-DOS is a trademark 
of Microsoft, 
Inc. 


EXORciser is a registered trademark of Motorola 
Inc. 
IBM is a registered trademark of International 
Business Machines Corporation. 
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VSS 
1. 
20 
RESET 


IRQ 
2 
19 
PAl 


Vee 
3 
18 
PA6 


EXTAl 
4 
17 
PA5 


XTAl 
16 
PA4 


MOS 
15 
P8l 


TIMER 
I 
14 
P86 


P80 
8 
13 
P85 
• 


P8l 
9 
12 
PB4 


PB2 
10 
11 
PB3 
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MOTOROLA 
- 
SEMICONDUCTOR 
-------------- 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcomputer Unit 


MC6804J2 HMOS (high-density NMOS) microcomputer 
unit (MCU) is a member of the M6804 
Family of serial processing microcomputers. This device displays all the versatility of an MCU 
whose design-ability to process 8-bit variables one bit at a time already makes it tremendously 
cost 
effective. 
This technical summary contains limited information on the MC6804J2. For detailed information, 


refer to the advanced information 
data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers 
(MC6804J1/D) or to the M6804 MeV Manual (DLE404/D). 
Major hardware and software features of the MC6804J2 MCU are: 
• On-Chip Clock Generator 
• True Bit Manipulation 
• 
Memory Mapped 1/0 
• 
Bit Test and Branch Instruction 
• Software Programmable 8-Bit Timer with 
• 304 Bytes Self-Check ROM 
7-Bit Prescaler 
• Conditional Branches 
• Single Instruction Memory Examinel 
• Timer Pin is Software Programmable as 
Change 
Clock Input or Timer Output 
• 30 Bytes of Data RAM 
• 
1000 Bytes of User Program Space ROM 
• 
User Selectable Output Drive Options, LSTIL, LSTIUCMOS, and Open-Drain Interface Ports 
• 
Mask Selectable Edge- or Level-Sensitive Interrupt Pin 
• 


8·81T 
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COUNTER 
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1000 
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304x8 
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CPU 
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VCC AND VSS 
Power is supplied to the microcomputer 
using these 
two pins. VCC is + 5 volts (± 0.5 V) power, and VSS is 
ground. 


IRQ 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcomputer. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock 
oscillator 
circuit. A crystal, a resistor/capacitor 
combi- 


nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions 
are 
shown 
in 
Figure 
1, along 
with 
crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESETpin voltage below VIRES+, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 


NC 


EXTERNAL 


CLOCK 


INPUT 


MCU 


XTAt 
(CRYSTAL 
MASK 


OPTIONI 


TIMER 
The TIMER pin can be configured to operate in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control 
register, the last time the 
TMZ bit was logic high. 


RESET 
The RESETpin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESETpin selects 
the operating mode of the MCU. 


MDS 
The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PAl is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program- 
ming. However, if MDS is logic low at the end of the reset 
state, the single-chip operating 
mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. 


INPUT/OUTPUT LINES IPA4-PA7, PBO·PB7) 


These 12 lines are arranged into one 4-bit port (A) and 
one a-bit port (B). All lines are programmable 
as either 


MCU 


(RESISTOR 
CAPACITOR 
MASK 


OPTlONl 


C, 


~~ 
ElTAL. 
- ~W 
.XlALS 


CRYSTAL 
PARAMETERS 


AT - 
CUT 
PARALLEL 
RESONANCE 
CRYSTAL 


Co:: 
7 pF MAXIMUM 


FRED. = 11 
MHz 


RS = 50 
OHMS 
MAXIMUM 


PIEZOELECTRIC 
CERAMIC 
RESONATORS 
MAY 
BE 


SUBSTITUTEO 
fOR 
THE 
CRYSTAL 
fOLLOW 


MANUFACTURER·S 
CERAMIC 
RESONATOR 


SPECIFICATIONS 


MCU 


EXTAL 
(CRYSTAL 
MASK 


OPTION) 
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Figure 2. Typical 
Frequency 
Selection 
for 
Resistor/Capacitor 
Oscillator 
Options 


inputs 
or outputs 
under software 
control 
of the data di- 
rection 
registers. 


INPUT/OUTPUT 
PROGRAMMING 


There 
are 12 input/output 
pins. All pins of each port 
are programmable 
as inputs or outputs 
under the control 
of the data direction 
registers 
(DDR). 
The port I/O programming 
is accomplished 
by writing 
the corresponding 
bit in the port DDR to a logic one for 
output. 
or a logic 
zero for input. 
as shown 
in Figure 3. 


When 
the 
registers 
are 
programmed 
as outputs, 
the 
latched 
data is readable 
regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
All the I/O pins are LSTIL 
compatible 
as both 
inputs 
and outputs. 
In addition, 
both 
ports 
may use either 
or 
both of two manufacturing 
mask options; 
open drain out- 
put, or internal 
pull-up 
resistor 
for CMOS compatibility. 
Any write 
to a port writes 
to all of its data bits even 
though 
the port 
DDR may be set to input. 
This can be 


used as a tool 
to initialize 
the data registers 
and avoid 
undefined 
outputs. However, care must be exercised when 
using 
read-modify-write 
instructions. 
The data read cor- 


responds 
to the pin level if the DDR is an input or to the 
latched 
output 
data when 
the DDR is an output. 
The 12 bidirectional 
lines may be configured 
by port 
to be the standard 
configuration 
(LSTIL), 
or either 
mask 
option; 
LSTIUCMOS, 
or open drain. 
Port B outputs 
are 
LED compatible. 


Port Data Registers 
($00, $01) 


The port data registers are not initialized 
on reset. These 
registers 
should 
be initialized 
before 
changing 
the DDR 
bits to avoid 
undefined 
levels. 


Port A ($00) 
4 
3 
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<I) 


~Z 
",,51 
ZI- 
"'u 
~ ~ 
I-Z 
Z Z 
- 
0u 


DATA 


DIRECTION REGISTER 


BIT 


DATA 


DIRECTION 
OUTPUT 
INPUT 


REGISTER 
DATA 
OUTPUT 
TO 


BIT 
BIT 
STATE 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
HI·Z 
PIN 


r---- 


I 
I 
I 
IL 
_ 
LATCHED 


OUTPUT 


DATA 


BIT 


*For CMOS option transistor acts as resistor (approximately 40 km to VCC- 


For LSTTLIopen-drain options transistor acts as low current clamping diode to VCC' 


With 
regard 
to Port A only, the four LSB bits are unused. 


These 
bits 
are "don't 
care" 
(X) bits when 
written 
to but 
are always 
logic 
high 
when 
read. 


Port 
Data 
Direction 
Registers 
($04, $05) 


Port 
DDRs configure 
the port 
pins 
as either 
outputs 
or 
inputs. 
Each port 
pin can be programmed 
individually 
to 


be an input 
or an output. 
Azero 
in the pin's corresponding 


DDR bit programs 
it as an input; 
a logic 
one programs 
it 


as an output. 
On reset, 
all the 
DDRs are initialized 
to a 
logic 
zero state to put the ports 
in the input 
mode. 


Port 
A ($04) 


4 
3 


Port 
B ($05) 


4 
3 


With 
regard 
to Port A only, the four 
LSB bits are cleared 


(logic 
zero) 
by reset. 
These 
bits 
must 
not 
be set (logic 


one). 


The MCU memory 
map (Figure 4) consists 
of 4352 bytes 
of addressable 
memory, 
I/O register 
locations, 
and four 


levels 
of stack space. This MCU has three 
separate 
mem- 
ory spaces: 
program 
space, data space, 
and stack space. 


The MCU 
is capable 
of addressing 
4096 
bytes 
of pro- 


gram 
space 
memory 
with 
its program 
counter 
and 
256 
bytes 
of data 
space 
memory 
with 
its instructions. 
Pro- 


gram 
space 
memory 
includes 
self-check 
ROM, 
program 


ROM, self-check 
and user program 
vectors, 
and reserved 
memory 
locations. 


A non-accessible 
subroutine 
stack 
space 
RAM 
is pro- 
vided. 
This stack space consists 
of a last-in-first-out 
(LIFO) 


register. 
This 
register 
is used 
with 
inherent 
addressing 
to stack the return 
address 
for subroutines. 


Indirect 
X and 
Y register 
locations 
$80 
and 
$81 
are 
generally 
used as pointers 
for such tasks 
as indirect 
ad- 
dressing 
to data space locations. 
Short 
direct 
addressing 
allows 
access 
to the four 
data 
space 
addresses 
$80-$83 


with 
single-byte 
opcodes. 
The operations 
allowed 
are in- 


crement, 
decrement, 
load, 
and 
store. 
Data 
space 
loca- 


tions 
$82 and $83 can be used for 8-bit counter 
locations. 
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RESERVED 


{27S4 
SYTES} 


~ 
(304 BYTES) 
~ 


7 


S 


::~ 
PROGRAM ROM 
:::-- 


11000 
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S 
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2 
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3 
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4 
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5 
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172 BYTES) 
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130 BYTES) 
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193 BYTESI 
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ACCUMULATOR 
(AI 


The accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and results 
of arithmetic 
calcu- 
lations 
or data manipulations. 


7 


I 


INDIRECT 
REGISTERS 
(X, V) 


These two 
registers 
are used to maintain 
pointers 
to 
other 
memory 
locations 
in data space. They are used in 
the 
register-indirect 
addressing 
mode 
and 
can 
be ac- 
cessed 
with 
the direct, 
indirect, 
short 
direct, 
or bit set! 


clear modes. 


7 
I========x======~-= 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 12-bit register 
that contains 
the address 
of the next byte to be fetched. 
The program 
counter 
is contained 
in low byte (PCl) 
and high 
nibble 
(PCH). 


11 
87 
0 
I__ 
PC_H __ 
I 
P_CL 
I 


FLAGS 
(C,ZI 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic 
logic unit (AlU). 
It is cleared 
if the 
arithmetic 
operation 
does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested 
in a bit 
test 
instruction. 
It participates 
in the 
rotate 
left (ROlA) 
instruction, 
as well. 


The second 
flag, the zero (Z) bit, is set if the result 
of 
the last arithmetic 
or logic operation 
was equal to zero. 
Otherwise, 
it is cleared. 
Bit test instructions 
do not affect 
the Z bit. 


NORMAL 
FLAGS 


•• 
A. 
11\ la~l-lIl-llI~l-UUl 
\LI,V/ 
~lO\..1\. I;) 1I1"'UI~UICllt::U III lilt:' 
IVlvU 
that 
eliminates 
the 
need for 
a stack 
pointer. 
This 
non- 
accessible subroutine 
stack space is implemented 
in sep- 
arate RAM, 12 bits wide. 
Whenever 
a subroutine 
call or 
interrupt 
occurs, the contents 
of the PC are shifted 
into 
the top 
register 
of the stack. At the same time, 
the top 
register 
is shifted 
one level deeper. 
This 
happens 
to all 
registers, with the bottom 
register falling 
out of the stack. 
Whenever 
a return from subroutine 
or interrupt 
occurs, 
the top register 
is shifted 
into the PC and all lower 
reg- 
isters are shifted 
one level higher. 
The stack RAM is four 
levels deep. 
If the stack is pulled 
more 
than four times 
with 
no pushes, then the address 
that was stored 
in the 
bottom 
level of the stack is shifted 
into the PC. 


The MCU implements 
two forms 
of internal 
check: self 
check and ROM verify. 
Self check performs 
an extensive 
functional 
check of the MCU using 
a signature 
analysis 
technique. 
ROM verify 
uses a similar 
method 
to check 
the contents 
of program 
ROM. 
Self-check 
mode 
is selected 
by holding 
the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify 
mode is entered 
by holding 
MDS, 
PA7, and 
PA6 logic 
high 
as RESET goes 
low 
to 
high. Unimplemented 
program 
space ROM locations 
are 
also tested. 
Monitoring 
the self-check 
mode's 
stages for 
successful 
completion 
requires 
external 
circuitry, 
see 
M6804 MeV 
Manual 
(DlE4041D). 


RESET 


All resets of the MC6804J2 
are caused by the external 
reset input 
(RESET). A reset can be achieved 
by pulling 
the RESET pin to logic low for a minimum 
of 96 oscillator 
cycles. 
During 
reset, a delay of 96 oscillator 
cycles is needed 
before 
allowing 
the RESET input 
to go high. 
If power 
is 
being applied, 
RESET must be held low long enough 
for 
the oscillator 
to stabilize 
and then provide 
the 96 clocks. 


Connecting 
a capacitor 
and resistor 
to the RESET input, 


as shown 
in Figure 5 below, 
typically 
provides 
sufficient 
delay. 


There are two sets ofthese 
flags. One set is for interrupt 
processing 
(interrupt 
mode 
flags). 
The other 
set is for 
normal 
operations 
(program 
mode 
flags). 
When 
an in- 
terrupt 
occurs, 
a context 
switch 
is made from 
the pro- 
gram flags to the interrupt 
flags. An RTI forces the context 
switch 
back. While 
in either 
mode, only the flags for that 
mode 
are available. 
A context 
switch 
does not affect the 
value of the C or Z bits. Both sets of flags are cleared 
by 
RESET. 
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The MCU can be interrupted 
by applying 
a logic 
low 
signal 
to the IRQ pin. However, 
a manufacturing 
mask 
option 
determines 
whether 
the falling 
edge or the actual 
low level of the IRQ pin is sensed to indicate an interrupt. 


EDGE-SENSITIVE 
OPTION 


When the IRQ pin is pulled 
low, the internal 
interrupt 
request 
latch is set. Prior to each instruction 
fetch, this 
interrupt 
request 
latch is tested. 
If its output 
is low, an 
interrupt 
sequence 
is initiated 
at the end of the current 
instruction, 
provided 
the interrupt 
mask is cleared. Figure 
6 contains 
a flowchart 
that illustrates 
both the reset and 


interrupt 
sequences. 


The interrupt 
sequence 
consists 
of one cycle during 
which: 


The interrupt 
request 
latch is cleared; 


The interrupt 
mode flags are selected; 


The program 
counter 
(PC) is saved on the stack; 


The interrupt 
mask is set; and 


The IRQ vector jump 
address 
is loaded 
into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip 
mode 
and $FF8-$FF9 in the self-check 
mode. 
The 
contents 
of these locations 
are not decoded as an address 
to which 
the PC should 
jump. 
Instead, they are decoded 
like any other 
EPROM program 
word. 
So, it is essential 


O-DOR. 


1_lNTEIlIlUPTMASK 


O-IHTERIlUPTREOU(ST 


lArCHlEDG£ 


SENSITIVE 
OPTION) 


HF_TtR 


tOO-TSCIl 


Hf-P1l(SC.llEIl 


that the vector 
contents 
specify 
a JMP instruction 
in ad- 


dition 
to the starting 
address of the interrupt 
service rou- 
tine. 
If required, 
this 
routine 
should 
save the values 
of 
the accumulator 
and the X and Y registers, 
since these 
values 
are not stored on the stack. 


Internal 
processing 
of the interrupt 
continues 
until 
a 
return 
from 
interrupt 
(RTI) instruction 
is processed. 
Dur- 
ing RTI the interrupt 
mask is cleared 
and the 
program 


mode flags are selected. 
The next instruction 
of the pro- 
gram is then fetched 
and executed. 
When 
the interrupt 
was initially 
detected 
and the 
in- 
terrupt 
sequence 
started, 
the interrupt 
request 
latch was 
cleared so that the next interrupt 
could be detected. These 
steps occurred 
even as the first interrupt 
was being serv- 
iced. However, 
even though 
the second 
interrupt 
edge 
set the interrupt 
request 
latch during 
the first 
interrupt's 
processing, 
the second 
interrupt's 
sequence 
can not be- 
gin until 
completion 
of the interrupt 
service 
routine 
for 
the first interrupt. 
Completion 
of an interrupt 
service rou- 
tine is always 
accomplished 
using 
an RTI instruction 
to 
return 
to the main 
program. 
The interrupt 
mask, which 


is not directly 
available 
to the 
programmer, 
is cleared 
during 
the last cycle of the RTI instruction. 


lEVEL-SENSITIVE 
OPTION 


Actual 
operation 
of the level-sensitive 
and edge-sen- 
sitive 
options 
are similar. 
However, 
the 
level-sensitive 
option 
does 
not 
have an interrupt 
request 
latch. 
Since 
there 
is no interrupt 
request 
latch, the logic 
level of the• 
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• 


IRQ pin 
is checked 
to detect 
the 
interrupt. 
Also, 
in the 
interrupt 
sequence 
there 
is no need to clear the interrupt 
request 
latch. 
These 
differences 
are shown 
in Figure 
6. 


During 
the 
powerup 
sequence, 
the 
interrupt 
mask 
is 
closed. 
This precludes 
any false interrupts. 
The PC is also 
loaded 
with 
the appropriate 
restart 
vector 
(jump 
instruc- 
tion). 


To open 
the 
interrupt 
mask, 
the user should 
do a JSR 
to an initialization 
subroutine 
that 
ends 
with 
an RTI in- 
stead 
of an RTS. The RTI opens 
the interrupt 
mask. 
Typ- 
ical 
RESET and 
IRQ processes 
and their 
relationship 
to 
the interrupt 
mask 
are shown 
in Figure 
7. 


Maximum 
interrupt 
response 
time 
is six machine 
cycles. 


This 
includes 
five 
cycles 
for the 
longest 
instruction 
plus 
one for stacking 
the PC and switching 
flags. 


A 
block 
diagram 
of the 
MC6804J2 
timer 
circuitry 
is 
shown 
in Figure 
8. The timer 
logic 
in the 
MCU 
is com- 
prised 
of a simple 
8-bit 
counter 
called 
the timer 
counter. 


This counter 
is decremented 
by a 7-bit 
prescaler 
at a rate 
determined 
by the timer 
status/control 
register 
(TSCR). 


PRESCALER 
The prescaler 
is a 7-bit counter 
used to extend 
the max- 
imum 
interval 
of the overall 
timer. 
This counter 
is clocked 


INTERRUPT 
MASK 
CLOSED 


INTERRUPT 
MASK 
CLOSED 
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w 
::a 
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PRESCAlER 
TIMER 


TOUT 
CLOCK 
PIN 


a 
TIMER PIN 
INPUT MODE 


1 
SYNC 
OUTPUT MODE 


SELECT 


'·OF·8 
TIMER COUNT REGISTER 


ITCRI 


MICROCOMPUTER 
INTERNAL BUS 


REAO 


TIMER STATUS/CONTROL 


REGISTER ITSCR) 


• 


• 


pUlse. 
It alvlaes 
me frequency 
recelvea 
oy some 
factor 
to create 
the 
prescaler 
output. 
The factor 
by which 
the 
TIMER 
pin 
signal 
is divided 
is called 
the 
prescaler 
tap. 


The value 
of this tap is selected 
by three 
bits of the TSCR 
(PSO-PS2). These 
bits control 
the division 
of the prescaler 
input 
within 
the 
range 
of divide-by-20, 
to divide-by-27. 


TIMER 
COUNTER 


The timer 
counter, 
which 
may be read or loadet'l 
under 
program 
control, 
is decremented 
from 
a maximum 
value 
of 256 toward 
zero by the prescaler 
output. 
Both are dec- 
remented 
on rising 
clock 
edges. 


The 
prescaler 
register 
and 
timer 
count 
register 
are 
readable 
and 
writeable. 
A write 
to 
either 
one 
will 
take 
precedence 
over 
the 
normal 
counter 
function. 
For 
ex- 
ample, 
if a value 
is written 
to the timer 
count 
register, 


and this write 
and a decrement-to-zero 
occu r at the same 
time, 
the write 
takes 
precedence. 
TSCR bit one (TMZ) 
is 
not set until 
the next timer 
time 
out. 


TIMER 
PIN 


The TIMER 
pin may be programmed 
as either 
an input 
or an output. 
Its status 
depends 
on the value 
of TSCR bit 
5 (TOUT). 
This 
relationship 
is shown 
in the 
TIMER 
pin 
status 
section 
of Figure 
8. The frequency 
of the 
internal 
clock 
applied 
to the TIMER 
pin 
must 
be less than 
tbyte, 
which 
is (fosc/48). 


TIMER 
INPUT 
MODE 


In the 
timer 
input 
mode, 
TOUT 
is logic 
zero 
and 
the 
TIMER 
pin 
is connected 
directly 
to 
prescaler 
input. 
So, 
the prescaler 
is clocked 
by the signal 
from 
the TIMER pin. 
The 
prescaler 
divides 
the 
TIMER 
pin clock 
input 
by the 
prescaler 
tap. 
The prescaler 
output 
then 
clocks 
the 8-bit 
timer 
count 
register. 
When 
this 
register 
is decremented 
to zero, 
it sets TSCR bit one (TMZ). 
This TMZ 
bit can be 
tested 
under 
program 
control 
to tell 
when 
the 
counter 
register 
has reached 
zero. 


TIMER 
OUTPUT 
MODE 


In the output 
mode, 
the TIMER 
pin is output. 
TOUT 
is 
a logic 
one. The prescaler 
is clocked 
by the internal 
sync 
pulse. This pulse is a divide-by-48 
of the internal 
oscillator 
(fosc/48). 
From 
this 
point 
on, operation 
is similar 
to that 
described 
for 
the 
input 
mode. 
However, 
in the 
output 
mode, 
once 
the 
prescaler 
decrements 
the timer 
counter 
to zero, the high TMZ 
bit state allows 
TSCR bit 4 (DOUT) 
to become 
direct 
input 
to the TIMER 
pin. 


NOTE 


TMZ 
is normally 
set to 
logic 
one 
when 
TCR dec- 
rements 
to zero and the timer 
times 
out. 
However, 


it may 
be set by a write 
of $00 to TCR or by a write 
to bit 7 of TSCR. 


TIMER 
COUNT 
REGISTER 
($FE) 


The timer 
count 
register 
reflects 
the 
current 
count 
in 
the internal8-bit 
counter. 
The register 
is the timer 
counter 
and can be read or written. 


I MSB 
LSB 


RESET: 


1 


TIMER 
STATUS/CONTROL 
REGISTER 
(TSCR) ($09) 


7654321 


TMZ - 
Timer 
Zero 
1 = Timer 
count 
register 
has decremented 
to zero 
since 
the last time 
the TMZ 
bit was 
read. 
0= This bit is cleared 
by a read of the TSCR if TMZ 
is read as logic 
one. 


Bit 6 
Not used 
by this 
register. 
TOUT - 
Timer 
Output 
1 =Output 
mode 
is selected 
for the timer. 
0= Input 
mode 
is selected 
for the timer. 


DOUT - 
Data Output 
Latched 
data at this bit is sent to the TIMER 
pin when 
both 
the TMZ 
and TOUT 
bits 
are logic 
high. 
PSI - 
Prescaler 
Initialization 
1 = Prescaler 
begins 
to decrement. 


0= Prescaler 
is initialized 
and counting 
is inhibited. 
PSO-PS2 
These 
bits 
are used to select 
the 
prescaler 
tap. 
The 
coding 
of the bits 
is shown 
below: 


PS2 
PS1 
PSO 
Divide By 
° 
° 
° 


1 


° 
° 
1 
2 


° 
1 
° 


4 


° 


1 
1 
8 


1 
° 
° 
16 


1 
° 
1 
32 


1 
1 
° 


64 


1 
1 
1 
128 


It is recommended 
that 
MVI 
or 
loading 
and 
storing 
instructions 
be 
used 
when 
changing 
bit 
values 
in the 
TSCR. Read-modify-write 
instructions 
can cause the TMZ 
to assume 
an unexpected 
state. 
During 
reset, 
the TSCR is set to all zeroes; 
the TIMER 
pin 
is in the 
high 
impedance 
input 
mode; 
and 
DOUT 
LATCH 
is forced 
to a logic 
high. 
At the same 
time, 
PSO- 
PS2 coding 
sets the 
prescaler 
tap 
at divide-by-one, 
and 
bit 3 initializes 
the prescaler. 


TIMER 
PRESCALER 
REGISTER 
($FDI 


The timer 
prescaler 
register 
reflects 
the current 
count 
ofthe 
7-bit prescaler. 
This register 
is the prescaler 
counter 
and can be read or written. 


6 


I 
MSB 
LS8 


RESET: 


1 
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The MCU 
has a set of 42 basic 
instructions. 
They 
can 
be divided 
into five different 
types: 
register/memory, 
read- 


modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is the 
accumulator; 
the 
other 
is obtained 
from 
memory 
using 
one of the addressing 
modes. 
Refer to the 
following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LOA 


Load XP from Memory 
LOX 


Load YP from Memory 
LDY 


Store A in Memory 
STA 


Add to A 
ADD 


Subtract from A 
SUB 


AND Memory to A 
AND 


Transfer A to XP 
TAX 


Transfer A to YP 
. 
TAY 


Transfer YP to A 
~ 
TYA 


Transfer XP to A 
.. 
TPA 


Clear A 
CLRA 


Clear XP 
CLRX 


Clear YP 
CLRY 


Arithmetic 
Compare with Memory 
CMP 


Move Immediate Value to Memory 
MVI 


Arithmetic 
Left Shift of A 
ASLA 


Complement 
A 
COMA 


Rotate A Left and Carry 
ROLA 


READ-MODIFY 
-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the modified 
value 
back to memory 
or to the register. 
AIlINC 
and DEC 
forms 
along 
with 
all bit manipulation 
instructions 
use this 
method. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
Memory 
Location 
INC 


Increment A 
INCA 


Increment XP 
INCX 


Increment YP 
INCY 


Decrement 
Memory 
Location 
DEC 


Decrement A 
DECA 


Function 
Mnemonic 


Decrement XP 
DECX 


Decrement YP 
DECY 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 


tion is met; 
otherwise, 
no operation 
is performed. 
Branch 


instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 


lowing 
list of instructions. 


Function 
Mnemonic 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
(BHS) 


Branch if Carry Set 
BCS 


Branch if Lower 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEG 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 


resides 
in the 
256 
bytes 
of 
data 
space, 
where 
all 
port 


registers, 
port 
DDRs, 
timer, 
timer 
control, 
and 
on-chip 
RAM reside. 
An additional 
feature 
allows 
the software 
to 


test and 
branch 
on the state 
of any 
bit within 
these 
256 


locations. 
The 
bit set, 
bit clear, 
and 
bit test 
and 
branch 


functions 
are all implemented 
with 
a single 
instruction. 
For the test and branch 
instructions, 
the value 
of the bit 


tested 
is also placed 
in the carry 
bit of the condition 
code 


register. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Branch If Bit n is Set 
BRSET n(n = 0 . .. 7) 


Branch If Bit n is Clear 
BRCLR n(n = 0 . .. 7) 


Set Bit n 
BSET n(n =0 . .. 71 


Clear Bit n 
BCLR n(n =0. 
.. 7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are used 
to 
control 
processor 
op- 
eration 
during 
program 
execution. 
The jump 
conditional 
(JMP) and jump 
to subroutine 
(JSR) instructions 
have no 
register 
operand. 
Refer 
to the 
following 
list 
of 
instruc- 


tions. 


Function 
Mnemonic 


Return 
from 
Subroutine 
RTS 


Return from Interrupt 
RTI 


No Operation 
NOP 


Jump to Subroutine 
JSR 


Jump Unconditional 
JMP 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-307 


IMPLIED INSTRUCTIONS 


Since 
the 
accumulator 
and 
all other 
registers 
are lo- 
cated 
in RAM, 
many 
implied 
instructions 
exist. 
Some 
of 
the instructions 
recognized 
and translated 
by the assem- 


bler 
are shown 
below: 


Mnemonic 
Becomes 
Mnemonic 
Becomes 


ASLA 
ADD $FF 
INCX 
INC $80 


BHS 
BCC 
INCY 
INC $81 


BLO 
BCS 
LDXI 
MVI $80 DATA 


CLRA 
SUB $FF 
LDYI 
MVI $81 DATA 


CLRX 
MVI $80 #0 
NOP 
BEQ (PC) +1 


CLRY 
MVI $81 #0 
TAX 
STA $80 


DECA 
DEC $FF 
TAY 
STA $81 


DECX 
DEC $80 
TXA 
LDA $80 


DECY 
DEC $81 
TYA 
LDA $81 


INCA 
INC $FF 


Some 
examples 
of valuable 
instructions 
not 
specifi- 
cally 
recognized 
by the assembler 
are shown 
below: 


Mnemonic 
Meaning 


BCLR 7,$FF 
Ensures A is plus 


BSET 7, $FF 
Ensures 
A is minus 


BRCLR 7, $FF 
Branch if A is plus 


BRSET 7, $FF 
Branch if A is minus 


BRCLR 7, $80 
Branch if X is plus (BXPL) 


BRSET 7, $80 
Branch if X is minus (BXMII 


BRCLR 7, $81 
Branch if Y is plus (BYPL) 


BRSET 7, $81 
Branch if Y is minus (BYMI) 


Table 
1 is a listing 
of all the 
instruction 
set opcodes 
applicable 
to the 
MC6804J2 
MCU. 


The MCU 
has nine different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
It deals 
with 
objects 
in three 
dif- 
ferent 
address 
spaces: 
program 
space, 
data 
space, 
and 
stack space. 
The term 
"effective 
address" 
(EA) is used in 
describing 
the 
various 
addressing 
modes. 
Effective 
ad- 
dress 
is defined 
as the address 
from 
which 
the argument 
for an instruction 
is fetched 
or stored. 


In the immediate 
addressing 
mode, 
the operand 
is lo- 
cated 
in program 
ROM. 
It is contained 
in the 
byte 
im- 
mediately 
following 
the 
opcode. 
The 
immediate 


addressing 
mode 
is used to access constants 
that do not 
change 
during 
program 
execution, 
such 
as a constant 
used to initialize 
a loop 
counter. 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows 
the user to directly 
address 
the 
256 bytes 
of data 
space 
with 
a single 
two- 
byte 
instruction. 


SHORT DIRECT 


In the short 
direct 
addressing 
mode, 
the MCU 
has four 
locations 
in data 
space 
RAM 
it can use, 
($80, $81, $82, 


and 
$83). 
The 
opcode 
determines 
the 
data 
space 
RAM 
location, 
and the instruction 
is only one byte. Short 
direct 
addressing 
is a subset 
of the 
direct 
addressing 
mode. 


The X and Y registers 
are at locations 
$80 and $81, 
re- 


spectively. 


In the extended 
addressing 
mode, the effective 
address 
of the 
argument 
is obtained 
by concatenating 
the 
four 
least-significant 
bits of the opcode 
with the byte following 
the opcode 
to form 
a 12-bit 
address. 
Instructions 
using 
the extended 
addressing 
mode, 
such as JMP or JSR, are 
capable 
of 
branching 
anywhere 
in program 
space. 
An 
extended 
addressing 
mode 
instruction 
is two 
bytes 
long. 


The 
relative 
addressing 
mode 
is only 
used 
in condi- 
tional 
branch 
instructions. 
In relative 
addressing, 
the con- 
tents 
of the 
8-bit 
signed 
byte 
(the 
offset) 
following 
the 
opcode 
is added 
to 
the 
PC if, and 
only 
if, the 
branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the 
next instruction. 
The span 
of relative 
addressing 
is from 


-15 
to + 16 from 
the opcode 
address. 
The programmer 
need 
not 
calculate 
the 
offset 
when 
using 
the 
Motorola 
assembler, 
since it calculates 
the proper 
offset 
and checks 
to see that 
it is within 
the span 
of the branch. 


In the 
bit set/clear 
addressing 
mode, 
the 
bit to be set 
or cleared 
is part of the 
opcode. 
The byte following 
the 
opcode 
specifies 
the direct addressing 
of the byte in which 
the specified 
bit is to be set or cleared. 
Thus, 
any 
bit in 
the 256 locations 
of data space 
memory 
that can be writ- 
ten 
to can 
be set or cleared 
with 
a single 
two-byte 
in- 
struction. 


CAUTION 


The corresponding 
DDRs for ports A and B are write 
only 
registers 
(registers 
at $04 
and 
$05). 
A 
read 
operation 
on 
these 
registers 
is undefined. 
Since 
BSET 
and 
BClR 
are 
read-modify-write 
functions, 
they 
cannot 
be used to set or clear 
a DDR bit; 
all 


"unaffected" 
bits would 
be set. Write 
all DDR bits 
in a port 
using 
a single-store 
instruction. 
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RegIster/Memory. 
Control. and 
Bit ManipulatIon 
Register/ Memory and 
Branch InSlructlons 
Read/Modify/Write 
Instructions 
InSlruchons 
Read/Modify/Write 


L~I 
:;" 
;'0 
:" 
n~ 
O~, 


6 
7 
,~ 
,~, 


A 
B 


I~ 
,~, 


E 
, 


H~ 
"." 
~"O 
0111 
1010 
lOll 
1110 
'It 1 
, 
, 
, 
, 
, 
, 
, 
, 
, 


0 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
MV' 
BRClRO 
BCLRO 
lDA 
lDA 
0 
... 
'H 
'H 
'H 
'H 
'H 
'H 
'H 
'" , 
'" , 
.., 
, 
'"" , 
'" , 
'" 


IlINO 
RIND 
... 
, 
, 
, 
, 
, 
, 
, 
, 
. 
, 
. 


1 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
BRCLRl 
BCLR, 
STA 
STA 
1 
.., 
'H 
'H 
'H 
'H 
'H 
'" 
'H 
olll , 
.., , 
..' 
, 
'" , 
8S( 
111"10 
RIND 
.., 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 


2 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
RT! 
BRCLR2 
BClR2 
ADD 
ADD 
2 


."" 
'H 
'H 
'H 
'H 
'H 
", 
'H 
'H , 
..' , 
'" 


'.... 
) 
'" , 
'" 


R'NO 
R ,~o 
.", 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
3 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
RTS 
BRCLR3 
BCLR3 
SUB 
SUB 
3 


00" 
'H 
'H 
'H 
'H 
'H 
'H 
'H 
'" , 
'" , 
'" 
"" , 
'" , 
os, 
R'NO , 
RIND 
"'" 
, 
, 
, 
, 
, 
, 
, 
, 
, 


4 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSAn 
JMPn 
COMA 
BACLA4 
BCLR4 
eMP 
eMP 
4 


"'00 
'H 
'H 
'H 
'H 
'H 
'" 
." 
'H , 
.., , 
'" 
,'" , 
'" , 
'" 


R 'NO 
RIND 
"'00 
, 
, 
, 
, 
, 
, 
, 
, 
, 


S 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
ROLA 
BRCLR5 
BClR5 
AND 
AND 
S 


0101 
'H 
'H 
'H 
'H 
", 
'H 
'H , 
Rt ~ , 
'" , 
'" 


'N" 
) 
"., 
'" 
II 'NO 
IllljQ 
0101 
, 
, 
, 
, 
, 
, 
, 
, 
, 


6 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
BACLR6 
BCLR6 
'Ne 
'Ne 
6 


0110 
'" 
'" 
'H 
", 
'H 
'" 
'H 
'H , 
'" , 
'" 
, 
"., 
'" 


1111110 
RIND 
0110 
, 
, 
, 
, 
, 
, 
, 
, 
, 


7 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
BRCLR7 
BCLR7 
DEe 
DEe 
7 


0111 
, 
'H 
", 
'H 
", 
'H 
'" 
,,, 
,,, , 
..' , 
..' 
, 
"., 
'" 


RIND 
R'NO 
0111 
, 
, 
, 
, 
, 
, 
, 
, 
, 
. 


B 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
'Ne 
DEe 
BASETO 
BSETO 
lDA 
lDA 
B 


'.. 
'I' , 
,,, 
,,, 
,,, 
"" 
'" 
'H 
'H , 
.., , 
'" 
" 
" , 
8TS 
1 
'" , 
I"'''' 
1 
0" 
,.. 
, 
, 
, 
, 
, 
, 
, 
, 
. 
, 
. 


9 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
'Ne 
DEe 
BRSETl 
B5ETl 
• 
STA 
9 


'00' 
'" 
,,, 
,,, , 
." 
'" 


RH 
'" 
'" , 
'" , 
.., 
" 
" , 
81S 
1 
'" 
, 
0" 
'00' 
, 
, 
, 
, 
, 
, 
, 
, 
, 


A 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
J5An 
JMPn 
'Ne 
DEe 
BRSET2 
BSET2 
ADD 
ADD 
A 


1010 
'" , 
'" 
, 
,,, 
'H 
." 
'" 
'" , 
", , 
'" , 
'" 
" 
" , 
'" , 
'" , 
'"" , 
'" 


1010 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
B 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
BCS 
J5An 
JMPn 
'Ne 
DEe 
BHSET3 
B5ET3 
SUB 
SUB 
B 


'011 
'H 
'" 
", 
", 
'" 
'" 
" 
'" , 
'" , 
'" 
" 
" , 
'" , 
'" 
'"" , 
'" 


1011 
, 
, 
, 
, 
, 
, 
, 
, 
, 


e 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JSAn 
JMP:1 
lDA 
STA 
BASET4 
B5ET4 
eMP 
eMP 
e 


"00 
,,, 
'" 
." 
'H 
'H 
", 
'" 
." , 
..., , 
'" 
" 
" , 
8'S 
1. 
'" , 
'"" 
'" 


"00 
, 
, 
, 
, 
, 
, 
, 
, 
, 


D 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
J5An 
JMPn 
lDA 
STA 
BASET5 
BSET5 
AND 
AND 
D 


1101 
, 
'" 
'" 
", 
'" 
"" 
'" 
'H 
'" , 
'" , 
'" 
" 
" , 
"., 
sse 
1 
'"" , 
0" 
1101 
, 
, 
, 
, 
, 
, 
, 
, 
, 
· 
E 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JRSn 
JMPn 
lDA 
STA 
BA5ET6 
BSET6 
• 
'Ne 
E 


1110 
'H 
'" 
'" 
'" 
"" 
'" 
'" 
'" , 
.., , 
,.. 
" 
" , 
8181 
'" 
, 
0" 
1110 
, 
, 
, 
, 
, 
, 
, 
, 


J5An 
, 
· 
, 
BNE 
BNE 
BEO 
BEO 
Bee 
Bee 
Bes 
Bes 
JMPn 
lDA 
STA 
BASED 
B5ED 
DEe 
, 


1111 
'" 
'" 
'" 


, 
'" 
'" 
", 
'H 
'" 
,.. , 
.., 
" 
" , 
'" , 
'" 
, 
0" 
\111 


Inherent 
Short Direct 
Bit Test and Branch 
Immediate 
Direct 
Extended 
Relative 
Bit Set/Clear 
Regi.t.r 
Indirect 


Cycles 


Mnemon,c 


Byles 
• 


• 


The 
bit test 
and 
branch 
addressing 
mode 
is a combi- 


nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit that 
is to be tested 
and its condition 
(set or clear) 
is 


included 
in the 
opcode. 
The data 
space 
address 
of the 
byte 
to 
be tested 
is in the 
single 
byte 
immediately 
fol- 


lowing 
the opcode 
byte. The third 
byte 
is sign 
extended 
to twelve 
bits and becomes 
the offset 
added 
to the PC if 
the 
condition 
is true. 
This 
single 
three-byte 
instruction 
allows 
the program 
to branch 
based 
on the condition 
of 
any 
readable 
bit in the 256 locations 
of data 
space. 
The 
span of branching 
is from 
-125 
to + 130 from 
the opcode 
address. 
The state of the tested 
bit is also transferred 
to 
the carry 
flag. 


In the 
register-indirect 
addressing 
mode, 
the 
operand 
is at the address 
in data space 
pointed 
to by the contents 
of one 
of the 
indirect 
registers, 
X or Y. The 
particular 


indirect 
register 
is selected 
by bit 4 of the opcode. 
Bit 4 
decodes 
into an address 
that 
represents 
the register, 
$80 
or $81. A register-indirect 
instruction 
is one byte 
long. 


INHERENT 


In the 
inherent 
addressing 
mode, 
all the 
information 
necessary 
to execute 
the 
instruction 
is contained 
in the 
opcode. 
These 
instructions 
are one byte 
long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3to 
+7.0 
V 


Operating Temperature 
Range (Comm.) 
TA 
o to 70 
·C 


Operating Temperature 
Range (Ind.) 
TA 
-40 
to +85 
·C 


Storage Temperature 
Range 
Tsto 
-55 
to + 150 
·C 


Junction 
Temperature 
TJ 
150 
·C 


This 
device 
contains 
circuitry 
to protect 
the 
in- 


puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions 
be taken to avoid application 
of 
any voltage higher than maximum-rated 
voltages 
to this high-impedance 
circuit. 
For proper oper- 
ation it is recommended that Vin and Vout be con- 
strained to the range VSS '" IVin or Vout) '" VCc. 
Reliability 
of operation 
is enhanced if unused in- 
puts except EXTAL are connected 
to an appro- 


priate logic voltage level (e.g., either VSS or VCC)· 


Characteristic 


Thermal Resistance 


The 
average 
chip-junction 
temperature, 
TJ' in ·C can 
be obtained 
from: 


TJ=TA+(PD·eJA) 
(1) 
where: 
TA 
eJA 


PD 
PINT 
PPORT 


= Ambient 
Temperature, 
·C 


= Package 
Thermal 
Resistance, 
Junction-to-Ambient, 
·CIW 


= PINT+ 
PPORT 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Dissipation, 


Watts 
- 
User 
Determined 


For 
most 
applications 
PPORT<PINT 
and 
can 
be 
ne- 
glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Darlington 
bases 
or sink 
LED loads. 


An 
approximate 
relationship 
between 
PD and 
TJ 
(if 
PPORT is neglected) 
is: 
PD= K ~ (TJ +273·C) 
(2) 
Solving 
equations 
(1) and (2) for 
K gives: 
K = PD • (TA + 273·C) + eJNPD2 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 


K can be determined 
from 
equation 
(3) by measuring 
PD 
(at equilibrium) 
for 
a known 
TA. Using 
this 
value 
of K, 
the values 
of PD and TJ can be obtained 
by solving 
equa- 


tions 
(1) and (2) iteratively 
for any value 
of TA. 
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ELECTRICAL 
CHARACTERISTICS 


(VCC= + 5.0 Vdc ± 0.5 Vdc, VSS = GND, TA = O·Cto 70·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Internal Power Dissipation - 
No Port Loading 
PINT 
- 
120 
165 
mW 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Input Capacitance 
Cin 
- 
10 
- 
pF 


Input Current (IRQ, RESETI 
lin 
- 
2 
20 
I'-A 


SWITCHING 
CHARACTERISTICS 


(VCC= +5.0 Vdc±0.5 
Vdc, VSS=GND, 
TA=O·C to 70·C, unless otherwise 
noted I 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 
fosc 
4.0 
- 
11.0 
MHz 


Bit Time 
tbit 
0.364 
- 
1.0 
I'-S 


Byte Cycle Time 
tbvte 
4.36 
- 
12.0 
I'-S 


IRQ and TIMER Pulse Width 
tWL,tWH 
2xtbvte 
- 
- 
- 


RESET Pulse Width 
tRWL 
2xtbyte 
- 
- 
- 


RESET Delay Time (External Capacitance = 1.0 I'-F) 
tRHL 
100 
- 
- 
ms 


Vcc = 5.2 V 
TEST 
MMD6150 


POINT 
OR EDUIV. 
Ol1 


40 pf 
2Jkl1 
MMD7000 


;TOTALI 
OR EDUIV. 


TESTPOINT~ I30 pf ITDTALI 


Figure 
9. LSTTL 
Equivalent 
Test 
Load 
(Port 
B) 
Figure 
10. CMOS 
Equivalent 
Test 
Load 
(Ports 
A, B, C) 


Figure 
11. LSTTL Equivalent 
Test 
Load 
(Ports 
A, C, 


and TIMER) 


SYNCJI- 
----'Il... 
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PORT DC ELECTRICAL CHARACTERISTICS 
(VCC= +5.0 Vdc±0.5 
Vdc. VSS=GNO. 
TA=O·C to lO·C. unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Ports A and Timer (Standard) 


Output Low Voltage. ILoad = 0.4 mA 
VOL 
- 
- 
0.5 
V 


Output High Voltage. ILoad = - 50 J.LA 
VOH 
2.3 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
J.LA 


Port A (Open Drain) 


Output Low Voltage. ILoad=0.4 
mA 
VOL 
- 
- 
0.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
J.LA 


Open Drain Leakage (Vout= Vccl 
ILCO 
- 
4 
40 
Il-A 


Port A (CMOS Drive) 


Out nut Low Voltaae 
ILoad=0.4 
mA (Sink) 
VOL 
- 
- 
0.5 
V 


Output High Voltage. ILoad= -10 
J.LA 
VOH 
VCC-1.0 
- 
- 
V 


Output High Voltage. ILoad = - 50 J.LA 
VOH 
2.3 
- 
- 
V 


Input High Voltage. ILoad = - 300 J.LAMax 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage. ILoad = - 300 Il-A Max 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current (Vin =0.4 V to Vccl 
ITSI 
- 
- 
-300 
Il-A 


Port B (Standard) 


Output Low Voltage. ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output Low Voltage.ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.5 
V 


Output High Voltage. ILoad= -100 
J.LA 
VOH 
2.3 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
8 
80 
Il-A 


Port B (Open Drain) 


Output Low Voltage. ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output Low Voltage. ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
8 
80 
J.LA 


Open Drain Leakage (Vout= Vccl 
ILCO 
- 
8 
80 
J.LA 


Port B (CMOS Drivel 


Output Low Voltage. ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output High Voltage. ILoad= 10 mA (Sink) 
VOL 
- 
- 
1.5 
V 


Output High Voltage. ILoad= -10 
J.LA 
VOH 
VCC-1.0 
- 
- 
V 


Output High Voltage. ILoad= -100 
J.LA 
VOH 
2.3 
- 
- 
V 


Input High Voltage. ILoad = - 300 J.LAMax 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage. ILoad = - 300 J.LAMax 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 0.4 V to VCC) 
ITSI 
- 
- 
-300 
J.LA 


Ports A and B (Low Current Clamping Diode" 


Input High Current VIH = VCC+ 1.0 V 
IIH 
- 
- 
100 
Il-A 


Input Low Current VIL = 0.8 V 
IlL 
I 
- 
- 
I 
-4.0 
Il-A 
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~XPfCTE~ 
~YPlCAL 


MAX 5.5 V , 
./ 
5.0 V 
-40°C 
25°C 
.., 


J' 
V 
..' 


••••• EXPECTEO_ 
/' /' 
....... 
MIN 4.5 V 
85°C 
- 
/,/ 
........ 


// ......... 


/~ 
..... 
f-- 
f 10.5 v. ~OO,.AI 


!E 
~ -100 
a 


~ 
-200 


• 


13.5 


Ii! 30 
B 
2.5 


~ 
2.0 


oj 
1.5 
$ 
~ 
1.0 


~ 
0.5 


Figure 13. Typical VOL vs IOL 
for Port A and TIMER 


12.3 V. - 50 .AI 
....... .".,... .- 
~,. 


-X 
....... 
,. 


:1 
/ 


{E~PECTEO 
TYPiCAL-: 
EXPECTED 


{MIN 
4.5 V 
5.0 V 
, MAX 5.5 V 


85°C 
25°C 
-,- 
-40°C 


j 
!,, 


•... 
~ 
-100 
~ 
~ 
~ 
-200 


3 
4 
5 


VOH. HIGH·LEVElOUTPUTVOlTAGEIVI 


Figure 15. Typical VOH vs IOH 
for Port A with CMOS Pullups 


~ 


~ 
-100 
~ 


~ 
-200 
g 
~ 
.,. 
ill - 300 
"± 
S' 


/ 
I 


12.3 V. - 100 ,.A' 
I 
f---x 


EXPECTED- 
TYPICAL- ~ 
EXPECTED 
iMIN 4.5 V 
5.0 V ---: 
MAX 5.5 V 


85°C - 
25°C 
- 
- 40°C 
; 
! 
I 
, 


I 
, 


>~ 
~ -300 
~ 


2.5 
3.0 
3.5 
4.0 


VOH. HIGH·LEVELOUTPUTVOLTAGEIV' 


Figure 14. Typical VOH vs IOH 
for Port A and TIMER 


I 
/ 
TYPICAL / 
.... 


5.0 V 
EXPECTED 
25°0. 
.-- 
f-.-- 


-M~X4~~5C 
V/ 
/ 
.' 
..' 
7 
.' 
..' 


/ 
./ 
.' 
.' 
EXPECTED 
V 
..' 
MIN 4.5 V 
..' 
85°C 
/ / 
.., 
.' 
'/...•. 


,~..... 
:0.5 v. 11mAl f 
iM"" 


1 
~ 
-100 
~ 
~ 
-200 
~g 
~ -300 
~ 
% -400 
~ 


I 
I 
I..J....··..t· - 'I.J- 


12.3 V. -100,.A' 
/1 
/1 
/1 
1 
-x 
I 
1 
1 


EXP~CTE~- 
: EXPECTEO'- 
TYPICAL- 
- 


: MIN 4.5 V_ 
5.0 V 


---- 


MAX 5.5 V_ - 
{ 
SSOC 
25°C 
- 40°C 
, 
- 
; 
II 
, 


Figure 18. Typical VOH vs IOH 
for Port B with CMOS Pullups 


MOTOROLA MICROPROCESSOR DATA 


3-313 


II 


The following 
information 
is required 
when ordering 
a 


custom 
MCU. The information 
may be transmitted 
to Mo- 


torola 
using 
the following 
media: 
MDOS@, disk file 
MS@-DOS/PC-DOS 
disk file (360K) 


EPROM(s) 2516, 2716, 2532, 2732 


To initiate 
a ROM pattern 
for the MCU, it is necessary 


to first contact 
the local field service office, 
sales person, 


or Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks (MOOS or MS-DOS PC- 


DOS disk file) 
may be submitted 
for pattern 
generation. 


They should 
be programmed 
with the customer 
program, 


using 
positive 
logic sense for address 
and data. The dis- 


kette should 
be clearly 
labeled with the customer's 
name, 


date, project 
or product 
name, and the filename 
contain- 


ing the pattern. 
In addition 
to the program 
pattern, 
a file containing 
the 


program 
source 
code 
listing 
can be included. 
This data 


will 
be kept confidential 
and used to expedite 
the process 


in case of any difficulty 
with 
the pattern 
file. 


MOOS 
Disk 
File 


MOOS is Motorola's 
Disk Operating 
System 
available 


on the EXORciser@ development 
system. 
The disk media 


submitted 
must 
be a single-sided, 
single-density, 
8-inch 


MOOS compatible 
floppy 
diskette. The diskette 
must con- 


tain the minimum 
set of MOOS system 
files in addition 


to the pattern 
file. 


The .LO output 
of the M6804 cross assembler 
should 


be furnished. 
In addition, 
the file must be produced 
using 


the ROLLOUT command, 
so that it contains 
the absolute 


image 
of the M6804 
memory. 
It is necessary 
to include 


the entire memory 
image of both program 
and data space. 


All unused 
bytes, including 
those in the user space, must 


be set to logic zero. 


MS-DOS/PC-DOS 
Disk 
File 


MS-DOS is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM" 
Personal 
Computer 
Disk Operating 
System. 
Disk 


media 
submitted 
must 
be standard 
density 
(360Kl. 
dou- 


ble-sided 
5 1/4 inch compatible 
floppy 
diskette. 
The dis- 


kette must 
contain 
the object 
file code in Motorola's 
S- 


record 
format. 
The S-record 
format 
is a character-based 


object 
file format 
generated 
by M6804 cross assemblers 


and linkers 
on IBM PC style machines. 


EPROMS 


Four 
K of EPROM 
are necessary 
to contain 
the 
entire 


MC6804J2 
program. 
Two 2516 or 2716 type EPROMs or 


a single 
2532 or 2732 type EPROM can be submitted 
for 


pattern 
generation. 
The EPROM is programmed 
with the 


customer 
program 
using positive 
logic sense for address 
and data. Submissions 
on two 
EPROMs must be clearly 
marked. 
All 
unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
If the 
MC6804J2 
MCU ROM 
pattern 
is submitted 
on 


one 2532 or 2732 EPROM, or on two 
2516 or 2716 type 
EPROMs, 
memory 
map 
addressing 
is one-for-one. 
The 
data space ROM runs from 
EPROM address $018 to $05F 


and program 
space ROM runs from EPROM address $C1 0 
to $FF7, with 
vectors 
from 
$FFC to $FFF. 


For shipment 
to Motorola, 
EPROMs should 
be placed 


in a conductive 
IC carrier and packed securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media, EPROMs or floppy 
disks, are 


filed 
for 
contractual 
purposes 
and are not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along with a listing 
verification 
form. The listing 
should 
be thoroughly 
checked 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the contractual 
agreement 
for the creation 
of the customer 
mask. To aid 


in the verification 
process, 
Motorola 
will 
program 
cus- 


tomer 
supplied 
blank EPROM!s) 
or DOS disks from 
the 


data file used to create the custom 
mask. 


ROM Verification 
Units 
(RVUs) 


Ten MCUs containing 
the customers 
ROM pattern 
will 
be sent for program 
verification. 
These 
units 
will 
have 
been made using the custom 
mask, but are for the pur- 
pose of ROM verification 
only. For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested with five 
volts at room temperature. 
These RVUs are free with the 
minimum 
order 
quantity, 
but are not production 
parts. 


These RVUs are not guaranteed 
by Motorola 
Quality 
As- 


surance. 


Ordering 
Information 


The following 
table 
provides 
generic 
information 
per- 


taining 
to 
the 
package 
type 
and 
temperature 
for 
the 
MC6804J2. 
This MCU device 
is available 
only 
in the 20- 


pin plastic 
dual-in-line 
(DIP) package. 


Package Type 
Temperature 
Order Number 


Plastic 
O°Cto 70"C 
MC6804J2P 


(P Suffixi 
-40"C to +85 C 
MC6804J2CP 


MOOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 
IBM is a registered trademark of International Business Machines Corporation. 
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VSS 


IRQ 


Vee 


EXTAl 


XTAl 


MDS 


TIMER 


POD 


POl 


P02 


I 1. 
20 
I 2 
19 
I 3 
18 


[ 4 
17 


[ 5 
16 


[ 6 
15 


7 
14 


8 
13 


9 
12 


10 
11 


RESET 


PA7 


PA6 


PA5 


PA4 


P07 


PB6 


PB5 


P04 


P03 
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Technical Summary 
8-Bit Microcontroller Unit 


MC6804P2 
HMOS (high-density 
NMOS) 
microcontroller 
unit (MCU) is a member 
of the M6804 
Family 
of serial 
processing 
microcontrollers. 
This device 
is extremely 
versatile 
and cost effective 


based on the MCU's 
simple 
design 
and its ability 
to process 
8-bit variables, 
one bit at a time. 
This technical 
summary 
contains 
limited 
information 
on the MC6804P2. 
For detailed 
information, 


refer to the advanced 
information 
data sheet for the MC6804J1, 
MC6804J2, 
MC6804P2 
and 
MC68704P2 
8-bit microcontrollers 
(MC6804 J1/D) or to the M6804 MeV 
Manual 
(DLE404/D). 


Major 
hardware 
and software 
features 
of the MC6804P2 
MCU are: 


• 
On-Chip 
Clock Generator 
• 
True Bit Manipulation 


• 
Memory 
Mapped 
1/0 
• 
Bit Test and Branch 
Instruction 


• 
Software 
Programmable 
8-Bit Timer 
with 
• 
288 Bytes Self-Check 
ROM 
7-Bit Prescaler 
• 
Conditional 
Branches 


3 


·Single 
Instruction 
Memory 
Examinel 
• 
Timer 
Pin is Software 
Programmable 
as 
Change 
Clock Input or Timer 
Output 


• 
30 Bytes of RAM 
• 
1016 Bytes of User Program 
ROM 


• 
User Selectable 
Constant 
Current 
Pullup 
Devices available 
on LSTIL 
and Open-Drain 
Interface 
Ports 


• 
Mask Selectable 
Edge- or Level-Sensitive 
Interrupt 
Pin 


8·BIT 


COUNTER 


TIMER/STATUS 


CONTROL REGISTER 


PORT 


A 


I/O 


LINES 


PBO 
PB1 


CPU 
PB2 
PORT 
OATA 
PBJ 
B 
CONTROL 
OIR. 
PB4 
I/O 
REG. 
PB5 
LINES 


PB6 
PBl 
PORT 
OATA 


A 
OIR. 


REG. 
REG. 


1016 x 8 


USER PROGRAM ROM 


288x8 
SELF-CHECK 
ROM 


PROGRAM 


COUNTER 
HIGH 
PCH 


PROGRAM 


COUNTER 


lOW 
PCl 
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Vcc 
AND VSS 


Power 
is supplied 
to the 
microcontroller 
using 
these 
two 
pins. VCC is + 5 volts 
(:!: 0.5 V) power, 
and VSS is 


ground. 


IRQ 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
an external 
interrupt 
to the microcontroller. 


EXTAL AND XTAL 


These pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
is connected 
to these 
pins 
to provide 
a system 
clock. Selection 
is made 
by a man- 
ufacturing 
mask option. 
The different 
clock generator 
op- 


tions 
are 
shown 
in 
Figure 
1, along 
with 
crystal 


specifications. 


Internal 
Clock Options 


The crystal oscillator 
start-up 
time is a function 
of many 
variables. 
To ensure 
rapid oscillator 
start-up, 
neither 
the 
crystal 
characteristics 
nor load capacitances 
should 
ex- 
ceed recommendations. 
When using the on-board 
oscil- 


lator, 
the MCU should 
remain 
in a reset condition, 
with 
the RESET pin voltage 
below VIRES +, until the oscillator 
has stabilized 
at its operating 
frequency. 
See Figure 2 for 
resistor/capacitor 
oscillator 
options. 


NC 


EXTERNAL 


ClOC' 


INPUT 


MCU 


XTAl 
lCRYSTAl MASK 


OPTION I 


1.1 


Ct 
",..-e:r".; 


CRYSTAL 
PARAMETERS 


AT - CUT PARAllEl 
RESONANCE 
CRYSTAL 


Co = 7 pF MAXIMUM 


FRED.= 
11 MHz 


RS = 50 
OHMS 
MAXIMUM 


PIEZOElECTRIC 
CERAMIC 
RESONATORS 
MAY 
BE 


SUBSTITUTED 
FOR 
THE 
CRYSTAl. 
FOllOW 


MANUFACTURER'S 
CERAMIC 
RESONATOR 


SPECIFICATIONS. 


TIMER 
The TIMER pin can be configured 
to operate 
in either 
the input or output 
mode. As input, this pin is connected 
to the prescaler 
input 
and serves 
as the timer 
clock. 
As 
output, 
the timer 
pin reflects 
the contents 
of the DOUT 
bit of the timer 
status/control 
register, 
the last time 
the 
TMZ bit was logic high. 


RESET 
The RESET pin is used to restart 
the processor 
to the 
beginning 
of a program. 
The program 
counter 
is loaded 
with 
the address 
of the restart 
vector. 
This should 
be a 
jump 
instruction 
to the first 
instruction 
of the main 
pro- 
gram. Together 
with the MDS pin, the RESET pin selects 
the operating 
mode 
of the MCU. 


MDS 
The mode select (MDS) pin places the MCU into special 
operating 
modes. 
When this pin is logic 
high at the exit 
of the 
reset state, the decoded 
state of PA6 and PAl 
is 
latched to determine 
the operating 
mode. This choice can 
be either the single-chip, 
self-check, 
or ROM-verify 
mode. 


However, 
if MDS is logic low at the end of the reset state, 
the single-chip 
operating 
mode is automatically 
selected. 


No external 
diodes, 
switches, 
transistors, 
etc. 
are 
re- 
quired 
for single-chip 
mode 
selection. 


INPUT/OUTPUT 
LINES (PAO·PA7, PBO·PB7, PCO·PC3) 


These 20 lines are arranged 
into two 8-bit ports (A and 
B) and one 4-bit 
port (C). All lines are programmable 
as 


MCU 


(RESISTOR·CAPACITOR 
MASK 


OPTION) 


MCU 


EXTAl 
(CRYSTAL 
MASK 


OPTION I 
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either 
inputs 
or outputs 
under 
software 
control 
of the 
data direction 
registers. 


Figure 2. Typical 
Frequency 
Selection 
for 
Resistor/Capacitor 
Oscillator 
Options 


INPUT/OUTPUT 
PROGRAMMING 


There 
are 20 input/output 
pins. All pins of each port 
are programmable 
as inputs or outputs 
under the control 
of the data direction 
registers 
(DDR). 


The port I/O programming 
is accomplished 
by writing 
the corresponding 
bit in the port DDR to a logic one for 
output, 
or a logic zero for input, 
as shown 
in Figure 3. 
When 
the 
registers 
are 
programmed 
as outputs, 
the 
latched 
data is readable 
regardless 
of the logic levels at 
the output 
pin due to output 
loading. 


All the I/O pins are LSTTL compatible 
as both 
inputs 
and outputs. 
In addition. 
all three 
ports 
may use either 
or both of two manufacturing 
mask options; 
open drain 
output, 
or internal 
pull-up 
resistor 
for 
CMOS compati- 
bility. 
Any write 
to a port writes 
to all of its data bits even 
though 
the 
port 
DDR may be set to input. 
This can be 


used as a tool 
to initialize 
the data registers 
and avoid 
undefined 
outputs. However, care must be exercised when 
using 
read-modify-write 
instructions. 
The data read cor- 
responds 
to the pin level if the DDR is an input 
or to the 
latched 
output 
data when the DDR is an output. 


The 20 bidirectional 
lines 
may be configured 
by port 
to be the standard 
configuration 
(LSTTL), or either 
mask 
option; 
LSTTUCMOS. 
or open drain. 
Port B outputs 
are 
LED compatible. 


Port Data Registers 
($00, $01. $02) 


The port data registers are not initialized 
on reset. These 
registers 
should 
be initialized 
before 
changing 
the DDR 
bits to avoid 
undefined 
levels. 


Port A ($00) and Port B ($01) 


543 
2 


Port C ($02) 
4 
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OATA 


OIRECTION REGISTER 


BIT 


<I) 
~z 
""S1 
z >- 
ffi~ 
>- z 
zz 
- 
<:>u 


OATA 


DIRECTION 
OUTPUT 
INPUT 


REGISTER 
DATA 
OUTPUT 
TO 


BIT 
BIT 
STATE 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
X 
HI·Z 
PIN 


r---- 


I 
I 
I 
IL 
_ 


*For CMOS option transistor acts as resistor (approximately 40 k{l) t.) VCC' 
For LSTTLIopen-drain options transistor acts as low current clamping diode to VCC' 


With 
regard 
to Port C only, 
the four 
MSB bits are un- 
used. These 
bits are "don't 
care" 
(X) bits when 
written 
to but are always 
logic 
high when 
read. 


Port Data Direction 
Registers 
($04, $05, $06) 


Port DDRs configure 
the port pins as either outputs 
or 
inputs. 
Each port pin can be programmed 
individually 
to 
be an input or an output. 
A zero in the pin's corresponding 
DDR bit programs 
it as an input; 
a logic one programs 
it 
as an output. 
On reset, all the DDRs are initialized 
to a 
logic zero state to put the ports 
in the input 
mode. 


Port A ($04) and Port B ($05) 


5 
4 
3 
2 


Port C ($06) 
4 
3 


With 
regard 
to Port C only, 
the four 
MSB bits are un- 
used. These 
bits are "don't 
care" 
(X) bits when 
written 
to but are always 
logic 
high when 
read. 


The MCU memory 
map (Figure 4) consists of 4352 bytes 
of addressable 
memory, 
1/0 register 
locations, 
and four 
levels of stack space. This MCU has three separate 
mem- 
ory spaces: 
program 
space, data space, and stack space. 


The MCU is capable 
of addressing 
4096 bytes of pro- 
gram 
space memory 
with 
its program 
counter 
and 256 
bytes 
of data space 
memory 
with 
its instructions. 
Pro- 
gram 
space memory 
includes 
self-check 
ROM, program 
ROM, self-check 
and user program 
vectors, 
and reserved 
memory 
locations. 
A non-accessible 
subroutine 
stack space RAM is pro- 
vided. This stack space consists 
of a last-in-first-out 
(LIFO) 
register. 
This 
register 
is used with 
inherent 
addressing 
to stack the return address for subroutines 
and interrupts. 


Indirect 
X and 
Y register 
locations 
$80 and 
$81 are 
generally 
used as pointers 
for such tasks as indirect 
ad- 
dressing 
to data space locations. 
Short direct 
addressing 
allows 
access to the four 
data space addresses 
$80-$83 
with 
single 
byte 
opcodes. 
The 
operations 
allowed 
are 
increment, 
decrement, 
load, 
and 
store. 
Data 
space 
lo- 
cations 
$82 and $83 can be used for 8-bit 
counter 
loca- 
tions. 
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• 


RESERVED 


12784 
8YTESI 


4087 


4088 


4089 


4090 


4091 


4092 


4093 


4094 


4095 


~ 
~ 
110168YTESI 


SELF-CHECK 
$ 


IRQ VECTOR 
$ 


SELF-CHECK 
$ 


RESTART VECTOR 
$ 


USER 
$ 


IRQ VECTOR 
$ 


USER 
$ 


RESTART VECTOR 
$ 


LEVEL 2 


LEVEL 3 


PORT A DATA REGISTER 
$ 


PORT B DATA REGISTER 


PORT C DATA REGISTER 


RESERVED 


PORT A OOR 


PORT BOOR 


PORT C OOR 


RESERVED 


12 BYTESI 


TIMER STATUS CONT. REG. 
. 
RESERVED 
~ 


114 BYTESI 
$17 


$18 


USER DATA SPACE ROM 


172 BYTES) 


$5F 


RESERVED 
$60 


132 BYTESI 
$7F 


INDIRECT REGISTER X 
$80 


INDIRECT REGISTER Y 
$81 


- 
130 BYTESI 
$ 


$ 


;:: 
RESERVED 


193 BYTESI 
- 
$ 


PRESCAlER REGISTER 
$ 


TIMER COUNT REGISTER 
$ 


ACCUMULATOR 
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ACCUMULATOR 
(A) 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and 
results 
of arithmetic 
calcu- 
lations 
or data manipulations. 


7 


I 
A 


INDIRECT 
REGISTERS 
(X,V) 


These 
two 
registers 
are used to maintain 
pointers 
to 
other 
memory 
locations 
in data space. They are used in 
the 
register-indirect 
addressing 
mode 
and 
can 
be ac- 
cessed 
with 
the 
direct, 
indirect, 
short 
direct, 
or bit set! 


clear modes. 


7 
I 
X 


PROGRAM 
COUNTER 
(PCI 


The program 
counter 
is a 12-bit register 
that contains 
the address 
of the next byte to be fetched. 
The program 
counter 
is contained 
in low 
byte (PCL) and high 
nibble 
(PCH). 


11 
B 7 
0 


I__ 
PC_H __ 
I 
P_CL 
I 


FLAGS (C,ZI 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic 
logic 
unit 
(ALU). It is cleared 
if the 
arithmetic 
operation 
does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested 
in a bit 
test 
instruction. 
It participates 
in the 
rotate 
left (ROLA) 
instruction, 
as well. 


The second 
flag, the zero (l) bit, is set if the result 
of 
the last arithmetic 
or logic 
operation 
was equal to zero. 
Otherwise, 
it is cleared. 
Bit test instructions 
do not affect 
the l bit. 


There are two sets of these flags. One set is for interrupt 
processing 
(interrupt 
mode 
flags). 
The other 
set is for 
normal 
operations 
(program 
mode 
flags). 
When 
an in- 


terrupt 
occurs, 
a context 
switch 
is made from 
the 
pro- 
gram flags to the interrupt 
flags. An RTI forces the context 
switch 
back. While 
in either 
mode, only the flags for that 
mode 
are available. 
A context 
switch 
does not affect the 
value of the C or l bits. Both sets of flags are cleared 
by 
RESET. 


STACK 


A last-in-first-out 
(LIFO) stack is incorporated 
in the MCU 
that 
eliminates 
the 
need for 
a stack 
pointer. 
This 
non- 
accessible 
subroutine 
stack space is implemented 
in sep- 
arate RAM, 12-bits wide. 
Whenever 
a subroutine 
call or 
interrupt 
occurs, 
the contents 
of the PC are shifted 
into 
the top 
register 
of the stack. At the same time, 
the top 
register 
is shifted 
one level deeper. 
This happens 
to all 
registers, 
with the bottom 
register falling 
out of the stack. 


Whenever 
a return from subroutine 
or interrupt 
occurs, 
the top 
register 
is shifted 
into the PC and all lower 
reg- 
isters are shifted 
one level higher. 
The stack RAM is four 
levels 
deep. 
If the stack is pulled 
more 
than 
four 
times 
with 
no pushes, then the address 
that was stored 
in the 
bottom 
level of the stack is shifted 
into the PC. 


The MCU implements 
two forms 
of internal 
check: self 
check and ROM verify. 
Self check performs 
an extensive 
functional 
check of the MCU using 
a signature 
analysis 
technique. 
ROM verify 
uses a similar 
method 
to check 
the contents 
of program 
ROM. 
Self-check 
mode 
is selected 
by holding 
the MDS and 
PA7 pins logic 
high and the PA6 pin logic low as RESET 
goes low to high. ROM verify 
mode is entered 
by holding 
MDS, PA7, and PA6 logic 
high 
as RESEP 
goes 
low 
to 
high. Unimplemented 
program 
space ROM locations 
are 
also tested. 
Monitoring 
the self-check 
mode's 
stages for 
successful 
completion 
requires 
external 
circuitry, 
see 
M6804 MeV 
Manual 
(DLE404/D). 


RESET 


All resets of the MC6804P2 
are caused by the external 
reset input 
(RESET). A reset can be achieved 
by pulling 
the RESET pin to logic low for a minimum 
of 96 oscillator 
cycles. 
During 
reset, a delay 
of 96 oscillator 
cycles 
is needed 
before 
allowing 
the RESET input 
to go high. 
If power 
is 
being applied, 
RESET must be held low long enough 
for 
the oscillator 
to stabilize 
and then provide 
the 96 clocks. 
Connecting 
a capacitor 
and resistor 
to the RESET input, 
as shown 
in Figure 
5 below 
typically 
provides 
sufficient 
delay. 
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The MCU can be interrupted 
by applying 
a logic 
low 
signal 
to the 
IRQ pin. However, 
a manufacturing 
mask 
option 
determines 
whether 
the falling 
edge or the actual 
low level of the IRQ pin is sensed to indicate 
an interrupt. 


EDGE-SENSITIVE OPTION 


When 
the IRQ pin is pulled 
low, the internal 
interrupt 
request 
latch 
is set. Prior to each instruction 
fetch, 
this 
interrupt 
request 
latch 
is tested. 
If its output 
is low, an 
interrupt 
sequence 
is initiated 
at the end of the current 
instruction, 
provided 
the interrupt 
mask is cleared. 
Figure 
6 contains 
a flowchart 
that illustrates 
both the reset and 
interrupt 
sequences. 


The 
interrupt 
sequence 
consists 
of one cycle 
during 
which: 


the interrupt 
request 
latch is cleared; 


the interrupt 
mode flags 
are selected; 


the program 
counter 
(PC) is saved on the stack; 


the interrupt 
mask is set; and 


the IRQ vector 
jump 
address 
is loaded 
into the PC. 


0-•••• 
1 _ 
.nMa.PT 
IIA$l 


0- 
IIn",T 
REOUEST 


LATCH 1061 


SElISfTM 
OPTIOII 
IfF-feR 
lOO_TSCfl 
fff-I"MSCAlER 


LOAO PROGRaM 


CQtlNTER 
FROM 


F1ESUVfCTOR 


lOCATtOlI 
IfH/lm 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip 
mode 
and $FF8-$FF9 
in the 
self-check 
mode. 
The 


contents 
ofthese 
locations 
are not decoded 
as an address 
to which 
the PC should 
jump. 
Instead, 
they are decoded 
like any other ROM word. So, it is essential that the vector 
contents 
specify a JMP instruction 
in addition 
to the start- 
ing address 
of the interrupt 
service 
routine. 
If required, 


this 
routine 
should 
save the values 
of the accumulator 
and the 
X and Y registers, 
since 
these 
values 
are not 
stored 
on the stack. 


Internal 
processing 
of the 
interrupt 
continues 
until 
a 
return 
from 
interrupt 
(RTI) instruction 
is processed. 
Dur- 


ing RTI the 
interrupt 
mask 
is cleared 
and the 
program 
mode flags are selected. 
The next instruction 
of the pro- 
gram 
is then fetched 
and executed. 


When 
the 
interrupt 
was 
initially 
detected 
and the 
in- 
terrupt 
sequence 
started, 
the interrupt 
request 
latch was 
cleared so that the next interrupt 
could be detected. 
These 
steps occurred 
even as the first interrupt 
was being serv- 
iced. However, 
even though 
the second 
interrupt 
edge 
set the interrupt 
request 
latch during 
the first 
interrupt's 
processing, 
the second 
interrupt's 
sequence 
can not be- 
gin until 
completion 
of the interrupt 
service 
routine 
for 
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the first interrupt. Completion of an interrupt service rou- 
tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, 
is cleared 
during the last cycle of the RTI instruction. 


Actual operation of the level-sensitive and edge-sen- 
sitive options are similar. However, the level-sensitive 
option does not have an interrupt 
request latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 


interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 


POWERUP 
AND TIMING 
During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PCis also 
loaded with the appropriate restart vector (jump instruc- 
tion). 
To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS..l!!.e RTI opens the interrupt mask. Typ- 
ical RESETand IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 


IN IT 
INITIALIZATION 
SUBROUTINE 


INTERRUPT 
MASK 
CLOSED 


INTERRUPT 
MASK 
CLOSED 
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Maximum 
interrupt 
response 
time is six machine 
cycles. 


This 
includes 
five 
cycles 
for the longest 
instruction 
plus 
one for stacking 
the PC and switching 
flags. 


A block 
diagram 
of the 
MC6804P2 
timer 
circuitry 
is 
shown 
in Figure 
8. The timer 
logic 
in the 
MCU 
is com- 
prised 
of a simple 
8-bit 
counter 
called 
the timer 
counter. 


This counter 
is decremented 
by a 7-bit 
prescaler 
at a rate 
determined 
by the timer 
status/control 
register 
(TSCR). 


PRESCALER 


The prescaler 
is a 7-bit counter 
used to extend 
the max- 
imum 
interval 
of the overall 
timer. 
This counter 
is clocked 
by a signal 
from 
the TIMER 
pin or by the 
internal 
sync 
pulse. 
It divides 
the frequency 
received 
by some 
factor 
to create 
the 
prescaler 
output. 
The factor 
by which 
the 
TIMER 
pin 
signal 
is divided 
is called 
the 
prescaler 
tap. 


The value 
of this tap is selected 
by three 
bits of the TSCR 
(PSO-PS2). These bits control 
the division 
ofthe 
prescaler 
input 
within 
the range 
of divide-by-20, 
to divide-by-27. 


TIMER 
COUNTER 


The timer 
counter, 
which 
may be read or loaded 
under 
program 
control, 
is decremented 
from 
a maximum 
value 
of 256 toward 
zero by the prescaler 
output. 
Both are dec- 
remented 
on rising 
clock 
edges. 
The 
prescaler 
register 
and 
timer 
count 
register 
are 
readable 
and 
writeable. 
A write 
to either 
one 
will 
take 
precedence 
over 
the 
normal 
counter 
function. 
For ex- 
ample, 
if a value 
is written 
to the 
timer 
count 
register, 


and this write 
and a decrement-to-zero 
occur at the same 
time, 
the write 
takes 
precedence. 
TSCR bit one (TMZ) 
is 
not set until 
the next timer 
time 
out. 


TIMER 
PIN 


The TIMER 
pin may be programmed 
as either 
an input 
or an output. 
Its status 
depends 
on the value 
of TSCR bit 
5 (TOUT). 
This 
relationship 
is shown 
in the 
TIMER 
pin 
status 
section 
of Figure 
8. The frequency 
of the 
internal 
clock 
applied 
to the TIMER 
pin must 
be less than 
tbyte, 


which 
is (fosc/481. 


TIMER 
INPUT 
MODE 


In the 
timer 
input 
mode, 
TOUT 
is logic 
zero 
and 
the 
TIMER 
pin 
is connected 
directly 
to 
prescaler 
input. 
So, 
the prescaler 
is clocked 
by the signal 
from 
the TIMER pin. 
The 
prescaler 
divides 
the 
TIMER 
pin clock 
input 
by the 
prescaler 
tap. The prescaler 
output 
then 
clocks 
the 8-bit 
timer 
count 
register. 
When 
this 
register 
is decremented 
to zero, 
it sets TSCR bit one (TMZ). 
This TMZ 
bit can be 
tested 
under 
program 
control 
to tell 
when 
the 
counter 
register 
has reached 
zero. 


TIMER 
OUTPUT 
MODE 


In the output 
mode, 
the TIMER 
pin is output. 
TOUT 
is 
a logic 
one. The prescaler 
is clocked 
by the internal 
sync 
pulse. This pulse is a divide-by-48 
ofthe 
internal 
oscillator 
(fosc/48). 
From 
this 
point 
on, operation 
is similar 
to that 


described 
for 
the 
input 
mode. 
However, 
in the 
output 
mode, 
once 
the prescaler 
decrements 
the timer 
counter 


to zero, the high 
TMZ 
bit state allows 
TSCR bit 4 (DOUT) 


to become 
direct 
input 
to the TIMER 
pin. 


NOTE 


TMZ 
is normally 
set to 
logic 
one 
when 
TCR dec- 
rements 
to zero and the timer 
times 
out. 
However, 
it may be set by a write 
of $00 to the timer 
counter 
or by a write 
to bit 7 of TSCR. 


TIMER 
COUNT 
REGISTER 
($FE) 


The timer 
count 
register 
reflects 
the 
current 
count 
in 
the internal 
8-bit counter. 
The register 
is the counter 
and 
can be read or written. 


7 
I MS8 


TIMER 
STATUS/CONTROL 
REGISTER 
(TSCR) 
($09) 


7654321 


TMZ - 
Timer 
Zero 
1 = Timer 
count 
register 
has decremented 
to zero 
since the 
last time 
the TMZ 
bit was 
read. 
0= This bit is cleared 
by a read of the TSCR if TMZ 
is read as logic 
one. 


Bit 6 
Not 
used by this 
register. 


TOUT - 
Timer 
Output 
1 = Output 
mode 
is selected 
for the timer. 
0= Input 
mode 
is selected 
for the timer. 


DOUT - 
Data Output 
Latched 
data at this bit is sent to the TIMER 
pin when 
both 
the TMZ 
and TOUT 
bits are logic 
high. 


PSI - 
Prescaler 
Initialize 
1 = Prescaler 
begins 
to decrement. 


0= Prescaler 
is initialized 
and counting 
is inhibited. 


PSO-PS2 
These 
bits 
are used 
to select 
the 
prescaler 
tap. 
The 
coding 
of the bits 
is shown 
below: 


PS2 
PS1 
PSO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
t 
1 
128 
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PRESCAlER 
TIMER 


TOUT 
CLOCK 
P11 


a 
TIMER PIN 
INPUT MOOE 


1 
SYNC 
OUTPUT MOOE 


SElECT 


1-0F-8 
TIMER COUNT REGISTER 


ITCR) 


MICROCOMPUTER 
INTERNAL 
8US 


REAO 


TIMER STATUS/CONTROL 


REGISTER ITSCRI 


• 


• 


It is recommended 
that 
MVI 
or 
load 
immediate 
and 
storing 
instructions 
be used when 
changing 
bit values 
in 


the TSCR. 
Read-modify-write 
instructions 
can cause 
the 


TMZ 
to assume 
an unexpected 
state. 
During 
reset, 
the 
TSCR is set to all zeros; 
the 
TIMER 


pin 
is in the 
high 
impedance 
input 
mode; 
and 
DOUT 
LATCH 
is forced 
to a logic 
high. 
At the same 
time, 
PSO- 


PS2 coding 
sets the 
prescaler 
tap 
at divide-by-one, 
and 


bit 3 initializes 
the prescaler. 


TIMER 
PRESCALER 
REGISTER 
($FD) 


The timer 
prescaler 
register 
reflects 
the current 
count 


ofthe 
7-bit prescaler. 
This register 
is the prescaler 
counter 


and can be read or written. 


6 
I MSB 
LSB 


RESET: 


1 


The MCU 
has a set of 42 basic 
instructions. 
They 
can 


be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is the 
accumulator; 
the 
other 
is obtained 
from 
memory 
using 
one of the addressing 
modes. 
Refer to the 
following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load XP from Memory 
LDX 


Load YP from Memory 
LDY 


Store A in Memory 
STA 


Add to A 
ADD 


Subtract from A 
SUB 


AND Memory to A 
AND 


Transfer A to XP 
TAX 


Transfer A to YP 
TAY 


Transfer YP to A 
TYA 


Transfer XP to A 
TPA 


Clear A 
CLRA 


Clear XP 
CLRX 


Clear YP 
CLRY 


Arithmetic 
Compare with Memory 
CMP 


Move Immediate Value to Memory 
MVI 


Arithmetic 
Left Shift of A 
ASLA 


Complement 
A 
COMA 


Rotate A Left and Carry 
ROLA 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the modified 


value 
back to memory 
or to the register. 
AIlINC 
and DEC 
forms 
along with 
all bit manipulation 
instructions 
use this 


method. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
Memory 
Location 
INC 


Increment 
A 
INCA 


Increment XP 
INCX 


I"crement 
YP 
INCY 


Decrement 
Memory 
Location 
DEC 


Decrement A 
DECA 


Decrement XP 
DECX 


Decrement YP 
DECY 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 


tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list of instructions. 


Function 
Mnemonic 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
(BHS) 


Branch if Carry Set 
BCS 


Branch if Lower 
(BLOI 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 


resides 
in the 
256 
bytes 
of 
data 
space 
where 
all 
port 


registers, 
port 
DDRs, 
timer, 
timer 
control, 
and .on-chip 
RAM reside. 
An additional 
feature 
allows 
the software 
to 


test and 
branch 
on the state 
of any 
bit within 
these 
256 
locations. 
The bit set, bit clear, 
and 
bit test 
and 
branch 
functions 
are all implemented 
with 
a single 
instruction. 


For the test and branch 
instructions, 
the value 
of the bit 
tested 
is also placed 
in the carry 
bit of the condition 
code 


register. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Branch If Bit n is Set 
BRSET n(n = 0 . .. 7) 


Branch If Bit n is Clear 
BRCLR n(n =0 ... 
7) 


Set Bit n 
BSET n(n=O. 
.. 7) 


Clear Bit n 
BCLR n(n=O. 
.. 7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
used 
to control 
processor 
op- 
eration 
during 
program 
execution. 
The jump 
conditional 
(JMP) and jump 
to subroutine 
(JSR) instructions 
have no 
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register 
operand. 
Refer to the following 
list of instruc- 
tions. 


Function 
Mnemonic 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


No Operation 
NOP 


Jump to Subroutine 
JSR 


Jump Unconditional 
JMP 


IMPLIED INSTRUCTIONS 


Since the 
accumulator 
and all other 
registers 
are lo- 
cated in RAM, many 
implied 
instructions 
exist. Some of 
the instructions 
recognized 
and translated 
by the assem- 


bler are shown 
below: 


Mnemonic 
Becomes 
Mnemonic 
Becomes 


ASLA 
ADD $FF 
INCX 
INC $80 


BHS 
BCC 
INCY 
INC $81 


BLO 
BCS 
LDXI 
MVI $80 DATA 


CLRA 
SUB $FF 
LDYI 
MVI $81 DATA 


CLRX 
MVI $80 #0 
NOP 
BEG (PC) + 1 


CLRY 
MVI $81 #0 
TAX 
STA $80 


DECA 
DEC$FF 
TAY 
STA $81 


DECX 
DEC$80 
TXA 
LDA $80 


DECY 
DEC$81 
TYA 
LDA $81 


INCA 
INC $FF 


Some 
examples 
of valuable 
instructions 
not 
specifi- 


cally 
recognized 
by the assembler 
are shown 
below: 


Mnemonic 
Meaning 


BCLR7,$FF 
Ensures A is plus 


BSET 7, $FF 
Ensures A is minus 


BRCLR7, $FF 
Branch if A is plus 


BRSET7, $FF 
Branch jf A is minus 


BRCLR7, $80 
Branch if X is plus (BXPL) 


BRSET7, $80 
Branch if X is minus (BXMI) 


BRCLR7, $81 
Branch if Y is plus (BYPL) 


BRSET7, $81 
Branch if Y is minus (BYMI) 


OPCODE MAP 


Table 
1 is a listing 
of all the 
instruction 
set opcodes 


applicable 
to the MC6804P2 
MCU. 


The MCU has nine different 
addressing 
modes to pro- 


vide the programmer 
with an opportunity 
to optimize 
the 


code for all situations. 
It deals with 
objects 
in three 
dif- 


ferent 
address 
spaces: 
program 
space, data space, and 
stack space. The term 
"effective 
address" 
(EA) is used in 


describing 
the various 
addressing 
modes. 
Effective 
ad- 


dress is defined 
as the address from which 
the argument 
for an instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is lo- 
cated 
in program 
ROM. 
It is contained 
in the 
byte 
im- 
mediately 
following 
the 
opcode. 
The 
immediate 


addressing 
mode is used to access constants 
that do not 


change 
during 
program 
execution, 
such 
as a constant 


used to initialize 
a loop counter. 


DIRECT 


In the direct 
addressing 
mode, the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows the user to directly 
address 
the 256 bytes 
of data space with 
a single 
two- 


byte instruction. 


SHORT DIRECT 


In the short direct 
addressing 
mode, the MCU has four 
locations 
in data space 
RAM it can use, ($80, $81, $82, 
and $83). The opcode 
determines 
the data space 
RAM 
location, 
and the instruction 
is only one byte. Short direct 


addressing 
is a subset 
of the 
direct 
addressing 
mode. 


The X and Y registers 
are at locations 
$80 and $81, re- 
spectively. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the 
argument 
is obtained 
by concatenating 
the four 
least-significant 
bits of the opcode with the byte following 


the opcode 
to form 
a 12-bit address. 
Instructions 
using 


the extended 
addressing 
mode, such as JMP or JSR, are 
capable 
of branching 
anywhere 
in program 
space. 
An 
extended 
addressing 
mode instruction 
is two bytes long. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used 
in condi- 
tional 
branch instructions. 
In relative addressing, 
the con- 


tents 
of the 8-bit 
signed 
byte 
(the offset) 
following 
the 
opcode 
is added 
to the 
PC if, and only 
if, the 
branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the 
next instruction. 
The span of relative 
addressing 
is from 


-15 
to + 16 from 
the opcode 
address. 
The programmer 
need 
not calculate 
the offset 
when 
using 
the 
Motorola 
assembler, 
since it calculates 
the proper offset and checks 


to see that it is within 
the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 


or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte in which 
the specified 
bit is to be set or cleared. 
Thus, any bit in 
the 256 locations 
of data space memory 
that can be writ- 
ten to can be set or cleared 
with 
a single 
two-byte 
in- 
struction. 


CAUTION 


The corresponding 
DDRs for ports 
A, B, and Care 
write 
only registers 
(registers 
at $04, $05, and $06). 
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• 


Regllltf/Memory, 
Control, and 
811 Manlpul.tlon 
R~lsle'/Memory 
and 
a,.ncl'1 
InstruclIon! 
Read/Modify/Write 
Instructions 
Instructions 
Read/Modify/Write 


~' 
:;. 
.;" 
;0 
~, 
o~ 
O~, 


6 
7 
. 
,:, 
A 
B 
,~ 
1~' 
, 
F 
~w 
(l111) 
0'" 
'..• 
1010 
10\1 
'110 
l11l 
, 
, 
, 
, 
, 
, 
, 
, 
, 


0 
BNE 
BN' 
B,a 
BEa 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
MVI 
BRCLAO 
BClAO 
lOA 
lOA 
0 
..., 
'n 
'n 
'n 
.n 
.n 
'n 
." 
." , 
... , 
... 
, 
'"" , ." , 
esc 
III '''0 
"'''10 
..., 
, 
, 
, 
, 
, 
, 
, 
, 
. 
, 
. 
, 
BN' 
BN' 
B'a 
B,a 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
BRClRl 
BCLRl 
STA 
STA 
, 
..' 
'n 
.n 
." 
", 
", , 
'n 
.n 
.n , 
'" , 
'" 
, 
'"~, 
1St; 
1'1''''0 
II 'NO .., 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
. 


2 
BN' 
BN' 
BEa 
B'a 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMP,.. 
RTI 
BAClR2 
BClR2 
ADO 
ADO 
2 
.." 
.n , 
'n 
'n 
'n 
'n , 
'n , 
'" 
'n , 
'" , 
'" 
". , 
." , 
1St 
"'NO 
fliND 
.." 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 


J 
BN' 
BN' 
BEa 
B,a 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
RTS 
BRClA3 
BClA3 
SUB 
SUB 
J 
.." 
'n 
." 
." 
." 
.n 
.n , 
.n 
." , 
'" , 
.., 
". , 
.", 
esc , 
I'lIND 
" 'NO 
('1)11 
, 
, 
, 
, 
, 
, 
, 
, 
, 


• 
BN' 
BN' 
B,a 
B,a 
Bee 
Bee 
Bes 
Bes 
JSAn 
JMPn 
COMA 
BReLR4 
BelA4 
eMP 
eMP 
• 
".. 
'n 
.n 
'n 
." 
'n 
." 
." 
." , 
'" , 
'" 


IN" 
J 
". , 
esc 
!lINO 
1l1",0 
".. 
, 
, 
, 
, 
, 
, 
, 
, 
, 


5 
BN' 
BN' 
B,a 
B'a 
Bee 
Bee 
Bes 
Bes 
JSAn 
JMPn 
ROlA 
BACLA5 
aCLAS 
AND 
AND 
5 


0101 
.n 
.n 
'n 
.n 
'n , 
.n 
.n 
IIIl , 
... , 
'" 
". , 
.", 
esc 
III 1'00 
"'1/0 
0101 
, 
, 
, 
, 
, 
, 
, 
, 
, 


6 
BNE 
BN' 
B,a 
B,a 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
BRCLR6 
BClR6 
INe 
INe 
6 


0110 
.n 
." 
'n 
'n , 
.n 
.n 
.n 
.n , 
.., , 
.., 
, 
.", 
." 


II 'NO 
II 'NO 
01'0 
, 
, 
, 
, 
, 
, 
, 
, 
, 


7 
BN' 
BN' 
B,a 
B,a 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
BReLA7 
BelA7 
D'e 
DEe 
7 


0111 
'n 
.n 
'n 
", 
.n , 
'n 
.., 
'n , 
'" , 
'" 
, 
.", 
1St 
A "'.0 
IIIlNO 
0111 
, 
, 
, 
, 
, 
, 
, 
, 
· 
, 


B 
BN' 
BN' 
B,a 
B,a 
Bee 
Bee 
Bes 
Bes 
JSAn 
JMPn 
INe 
D,e 
BRSETO 
aSHO 
LOA 
lOA 
B 
,.. 
, 
.n , 
.n 
.n 
'n 
'n 
.n 
.n 
.n , 
." , 
'" 
" 
" , 
'"~, 
1St , 
'"" , 
0," 
,.. 
, 
, 
, 
, 
, 
, 
, 
, 
, 


9 
BNE 
BN' 
B,a 
BEa 
Bee 
Bee 
Bes 
Bes 
JSAn 
JMPn 
'Ne 
D,e 
BASEll 
8SEll 
, 
STA 
9 
,.., 
'n 
'n 
'n 
'" 
.n 
AH , 
.n 
'n , 
." , 
." 
'0 
SO) 
.", 
1St 
, 
0," 
,.., 
, 
, 
, 
, 
, 
, 
, 
, 
· 
, 


A 
BNE 
BN' 
BEa 
B,a 
Bee 
Bee 
Bes 
Bes 
JSAn 
JMPn 
'Ne 
D,e 
BRSET2 
BSET2 
ADO 
ADO 
A 


'010 
'n , 
.n 
'n 
", 
'n 
'n 
'n 
'n , 
." , 
.., 
'0 
" , 
." , 
1St , 
'"" , 
0," 
1010 
, 
, 
, 
, 
, 
, 
, 
, 
, 


B 
BN' 
BN' 
BEa 
BED 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
INe 
DEe 
BRSElJ 
BSETJ 
SUB 
SUB 
B 


lOll 
, 
.., 
'n 
.n , 
.n 
.n 
.n 
.. , 
'n , 
.., , 
... 
10 
10 
, 
.", 
'" 
'"" , 
~. 1011 
, 
, 
, 
, 
, 
, 
, 
, 
· 
, 
. 


e 
BN' 
BN' 
B'a 
B,a 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
lOA 
STA 
BRSET4 
BSET4 
eMP 
eMP 
e 
".. 
.n 
." 
", 
.., 
.., 
.n 
'n 
.., , 
•.., , 
... 
10 
10 
, 
'"~ 


.. 
1St , 
'"" 
0," 
".. 
, 
, 
, 
, 
.. 
, 
, 
, 
. 
, 
. 


0 
BNE 
BN' 
BEa 
BEa 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
lOA 
STA 
BRSET!) 
BSET5 
AND 
AND 
0 


nOI 
, 
'n , 
.n , 
.n 
.n , 
.n 
.., 
.n 
.n , 
..' , 
... 
10 
10 
, 
'"~, 
1St 
.. 
1101101 
1 
0," 
1I01 
, 
, 
, 
, 
, 
, 
, 
, 
, 


E 
BNE 
BN' 
BEa 
B,a 
Bee 
Bee 
Bes 
Bes 
JRSn 
JMPn 
lOA 
STA 
BRSET6 
BSET6 
, 
INe 
, 


1110 
.n 
.., 
.., 
.n 
.n 
.n 
.., 
.n , 
'" , 
'" 
10 
10 
, 
11'11 
1St 
, 
0," 
1110 
, 
, 
, 
, 
, 
, 
, 
, 
, 


F 
BN' 
BN' 
B,a 
BEa 
Bee 
Bee 
Bes 
Bes 
JSRn 
JMPn 
lOA 
STA 
BRSEn 
BSeTI 
, 
DEe 
F 


1111 
.., 
.n 
.n 
.., 
.., 
.n , 
'n 
•n 
.. 
'" , 
.., 
10 
10 
, 
.", 
'" 
, 
~. 
1111 


Inht.,.nt 
Shol1 
Di,.ct 
Bit Tnt 
.nd 
Br.nch 


Imme<t"tt 


Direct 
btended 
Relitive 


Bit S.tlCIe.r 
Reg;'tef 
Indirect 


Cvcles 


MnemOniC 


Bvtes 


A read 
operation 
on these 
registers 
is undefined. 


Since 
BSET and 
BCLR are read-modify-write 
func- 
tions, 
they 
cannot 
be used to set or clear a OOR bit; 
all 
"unaffected" 
bits 
would 
be set. Write 
all OOR 
bits 
in a port 
using 
a single-store 
instruction. 


BIT TEST AND BRANCH 


The bit test 
and 
branch 
addressing 
mode 
is a combi- 


nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit to be tested, 
and its condition 
(set or clear), is included 
in the opcode. 
The data 
space 
address 
of the 
byte to be 
tested 
is in the 
single 
byte 
immediately 
following 
the 
opcode 
byte. 
The third 
byte 
is sign 
extended 
to twelve 
bits 
and 
becomes 
the offset 
added 
to the 
PC if the con- 


dition 
is true. This single 
three-byte 
instruction 
allows 
the 
program 
to branch 
based 
on the condition 
of any 
read- 
able 
bit in the 256 locations 
of data 
space. 
The span 
of 


branching 
is from 
-125 
to 
+ 130 from 
the 
opcode 
ad- 
dress. The state of the tested 
bit is also transferred 
to the 
carry 
flag. 


REGISTER-INDIRECT 


In the 
register-indirect 
addressing 
mode, 
the 
operand 
is at the address 
in data space pointed 
to by the contents 
of one 
of the 
indirect 
registers, 
X or Y. The 
particular 
indirect 
register 
is selected 
by bit 4 of the opcode. 
Bit 4 
decodes 
into an address 
that 
represents 
the register, 
$80 
or $81. A register-indirect 
instruction 
is one byte 
long. 


INHERENT 


In the 
inherent 
addressing 
mode, 
all the 
information 
necessary 
to execute 
the 
instruction 
is contained 
in the 
opcode. 
These 
instructions 
are one 
byte 
long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3 
to + 7.0 
V 


Operating Temperature 
Range (Comm.) 
TA 
o to 70 
°c 


Operating Temperature 
Range (Ind. I 
TA 
-40 
to +85 
°c 


Storage Temperature 
Range 
Tsto 
-55 
to +150 
°c 


Junction 
Temperature 
TJ 
°c 
Plastic 
150 
PLCC 
150 
Cerdip 
175 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions 
be taken to avoid application 
of 
any voltage higher than maximum-rated 
voltages 
to this high-impedance 
circuit. For proper oper- 
ation it is recommended 
that Vin and Vout be con- 


strained to the range VSS '" (Vin or Vout) '" VCC. 
Reliability 
of operation 
is enhanced if unused in- 


puts except EXTAL are connected 
to an appro- 


priate logic voltage level (e.g., either VSS or Vccl. 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
6JA 
°CM! 
Plastic 
70 
PLCC 
120 
Cerdip 
60 


The 
average 
chip-junction 
temperature, 
TJ' in °c can 
be obtained 
from: 


TJ=TA+(POoSJA) 
(1) 
where; 
TA 
SJA 


Po 
PINT 
PPORT 


= Ambient 
Temperature, 
°C 
= Package 
Thermal 
Resistance, 


Junction-to-Ambient, 
°CIW 


= PINT+PPORT 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Dissipation, 


Watts 
- 
User 
Determined 


For 
most 
applications 
PPORT<PINT 
and 
can 
be 
ne- 


glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Darlington 
bases 
or sink 
LED loads. 


An 
approximate 
relationship 
between 
Po 
and 
TJ 
(if 
PPORT is neglected) 
is: 
Po = K;. (TJ + 273°C) 
(2) 
Solving 
equations 
(1) and (2) for K gives: 


K = Po 
0 (TA + 273°C) + SJAop02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 


K can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA. Using 
this 
value 
of K, 


the values 
of Po and TJ can be obtained 
by solving 
equa- 


tions 
(1) and (2) iteratively 
for any value 
of TA. 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Internal Power Dissipation - 
No Port Loading 
PINT 
- 
120 
165 
mW 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Input Capacitance 
Cin 
- 
10 
- 
pF 


Input Current (IRQ. RESET) 
lin 
- 
2 
20 
",A 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 
losc 
4.0 
- 
11.0 
MHz 


Bit Time 
tbit 
0.364 
- 
1.0 
",s 


Byte Cycle Time 
tbvte 
4.36 
- 
12.0 
",s 


IRQ and TIMER Pulse Width 
twL.twH 
2xtbvte 
- 
- 
- 


RESET Pulse Width 
tRWL 
2xtbvte 
- 
- 
- 


RESET Delay Time (External Capacitance = 1.0 ",F) 
tRHL 
100 
- 
- 
ms 


Ycc = 5.2 Y 


TEST 
MM06150 


POINT 
OR EoUIY. 
UO 


40 pf 
23kO 
MM07000 
ITOTALI 
OR EOUIY. 


TESTPOINT~ I30 pf ITOTAll 


Figure 9. LSTIl 
Equivalent 
Test Load (Port Bl 
Figure 10. CMOS Equivalent 
Test Load (Ports A, B, C) 
Figure 11. LSTTL Equivalent 
Test Load (Ports A, C, 
and TIMER) 
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PORT DC ELECTRICAL CHARACTERISTICS 


(VCC= + 5.0 Vdc ± 0.5 Vdc, VSS = GND, TA = O· to 70·C, unless otherwise 
noted) 


Characteristic 
I 
Symbol 
Min 
Typ 
Max 
I 
Unit 


Ports A, C, and Timer (Standard) 


Output Low Voltage, II O"rl = 0.4 mA 
VOl 
- 
- 
0.5 
V 


Output High Voltage, II O"rl = - 50 I-'A 
VOH 
2.3 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VII 
-0.3 
- 
O.B 
V 


Hi-Z State Input Current 
IT<;I 
- 
4 
40 
I-'A 


Ports A and C (Open Drain) 


Output Low Voltage, ILoad~O.4 mA 
VOL 
- 
- 
0.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
O.B 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
I-'A 


Open Drain Leakage (VOllt~VCc:l 
II 00 
- 
4 
40 
I-'A 


Ports A and C (CMOS Drive) 


Output Low Voltage, II O"rl ~ 0.4 mA ISink) 
VOl 
- 
- 
0.5 
V 


Output High Voltage, Ii OMi = - 10 I-'A 
VOH 
Vrr-l.0 
- 
- 
V 


Output High Voltage, Ii o"n = - 50 I-'A 
VOH 
2.3 
- 
- 
V 


Input High Voltage, Ii o"n = - 300 I-'A Max 
VIH 
2.0 
- 
Vrr 
V 


Input Low Voltage, ILoad = - 300 I-'A Max 
VIL 
-0.3 
- 
O.B 
V 


Hi-Z State Input Current (Vin = 0.4 V to VCC) 
ITSI 
- 
- 
-300 
I-'A 


Port B (Standard) 


Output Low Voltage, ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output Low Voltage, ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.5 
V 


Output High Voltage, ILoad = -100 
I-'A 
VOH 
2.3 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VII 
-0.3 
- 
O.B 
V 


Hi-Z State Input Current 
ITSI 
- 
8 
80 
I-'A 


Port B (Open Drain) 


Output Low Voltage, ILoad ~ 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output Low Voltage, ILoad=10 
mA (Sink) 
VOL 
- 
- 
1.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VII 
-0.3 
- 
O.B 
V 


Hi-Z State Input Current 
ITSI 
- 
B 
BO 
I-'A 


Open Drain Leakage (VOllt~VCC) 
1100 
- 
B 
BO 
I-'A 


Port B (CMOS Drive) 


Output Low Voltage, II O"rl = 1.0 mA 
VOl 
- 
- 
0.5 
V 


Output High Voltage, II O"rl = 10 mA (Sink) 
VOl 
- 
- 
15 
V 


Output High Voltage, II O"rl= 
-10 
I-'A 
VOH 
Vrr-l.0 
- 
- 
V 


Output High Voltage, II O"rl = -100 
I-'A 
VOH 
2.3 
- 
- 
V 


Input High Voltage, II o"d ~ - 300 I-'A Max 
VIH 
2.0 
- 
Vrr 
V 


Input Low Voltage, ILo"d ~ - 300 I-'A Max 
VII 
-0.3 
- 
O.B 
V 


Hi-Z State Input Current (Vin = 0.4 V to Vrc:l 
IT<;I 
- 
- 
-300 
I-'A 


Ports A, B, and C (Low Current Clamping 
Diode') 


Input High Current VIH = Vrr + 1.0 V 
IIH 
- 
- 
100 
I-'A 


Input Low Current VII ~O.B V 
IlL 
- 
- 
-4.0 
I-'A 
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4.0 
1 
3.5 
~ 3.0I2.5i 
2.0 


1.5 
::;.., 
~ 
1.0 
~ 0.5 


0.0 
0 


••••• EXPECTEO 


MIN 4.5 V 


85°C 


:c3~ 
z!-100 
~~~§ -200 


TYPICAL 
5.0 V 
25°C 


> 


~ 
- 300 


~ 


2.5 
3.0 
3.5 
4.0 


VOH. HIGH·LEVElOUTPUT VOLTAGEIVI 


Figure 
13. Typical 
VOL vs IOL 
for Port 
A and TIMER 


~~i-100 
~~~§ -200 


12.3 V. - 50 'A\ 
•••• ....... ....-I-- 
"' 
-"' 
I----X 
•• , 


f 


fE~PECTEO 
TYPICAL--i 
EXPECTED 
iMIN 4.5 V 
5.0 V 
, MAX 5.5 V 
S5°C 
25°C 
-,- 
-40°C 
i! 
! 
! 


Figure 
14. Typical 
VOH vs 'OH 
for Port 
A and TIMER 


/TYPICAL 
/ 
.... 


EXPECTED 
;500~ 
..' 
-- 
-MA~~;CV 
I 
/ 
.' 
.., 
/ 
.' 
..' 


I 
/' 
.'EXPECTED 
.' 
MIN 4.5 V 
..' 
S5°C 


I / 
.., 
.' 
/. .... 


/ ..... 


\0.5 V. 11mAl f 
-jiF' 


>~ 
~ 
-300 
% 
~ 


Figure 
15. Typical 
VOH vs IOH 
for Port 
A with 
CMOS 
Pullups 


:c3~ 
z 
- 100 
~~~~ - 200 
~~ 
0 


> 
~ - 300 
% 
~ 


/ 
I 


12.3 v. - 100,.A1 
: 
I 
-X 


• EXPECTED -----, 
TYPICAl- 
---, 
EXPECTED 


f MIN 4.5 V 
5.0 V -f 


MAX 5.5 V 


S5°C 
- 
25°C 
- 
- 40°C 
! 
I 
! 
I 
, 


I 
.... ····t· --- 
..J- 
.... 


12.3 V. -100 
,AI 
/1 
I 
I 
-x 


: EXPElcnO ~ 
1 


EXP~CTE~- 
TYPICAL --., 
- 


:MIN4.5V.1 


5.0 V 
--i MAX 5.5 V_ - 
i 
85°C 
25°C 
- 40°C, 


T 
, 


I 
I 


~~ - 100 
z 
==~ 
u 


- 200 
~~~ 
0 


- 300 
> 


'" 
<0 
% 
- 400 
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Figure 
18. Typical 
VOH vs IOH 
for 
Port 
B with 
CMOS 
Pullups 
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The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 


torola 
using 
the following 
media: 


MDOS, 
disk file 
MS-DOS/PC-DOS 
disk file 
(360K) 
EPROM(s) 
2516, 2716, 2532, 2732 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to first 
contact 
the local field 
service 
office, 
sales person, 


or a Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MDOS® 
or MS®-DOS/ 


PC-DOS 
disk file) 
may 
be submitted 
for 
pattern 
genera- 
tion. 
They 
should 
be programmed 
with 
the 
customer's 
program, 
using 
positive 
logic sense for address 
and data. 


The diskette 
should 
be clearly 
labeled 
with the customer's 
name, 
date, 
project 
or product 
name, 
and the filename 
containing 
the 
pattern. 
In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the pattern 
file. 


MOOS 
Disk 
File 


MDOS 
is Motorola's 
Disk Operating 
System 
available 
on the EXORciser~ 
development 
system. 
The disk media 
submitted 
must 
be a single-sided, 
single-density, 
8-inch 
MDOS compatible 
floppy 
diskette. 
The diskette 
must con- 


tain 
the 
minimum 
set of MDOS 
system 
files 
in addition 
to the 
pattern 
file. 
The .LO otuput 
of the 
M6804 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must 
be produced 
using 
the ROLLOUT 
command, 
so that 
it contains 
the absolute 
image 
of the 
M6804 
memory. 
It is necessary 
to include 
the entire 
memory 
image of both program 
and data space. 


All unused 
bytes, 
including 
those 
in the user space, 
must 
be set to logic 
zero. 


MS-DOS/PC-DOS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM~ Personal 
Computer 
Disk Operating 
System. 
Disk 
media 
submitted 
must 
be standard 
density 
(360Kj. 
dou- 
ble-sided 
5 1/4 inch 
compatible 
floppy 
diskette. 
The dis- 


kette 
must 
contain 
the object 
file 
code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6804 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


EPROMS 


Four 
K of EPROM 
are necessary 
to contain 
the 
entire 
MC6804P2 
program. 
Two 
2516 or 2716 type 
EPROMs 
or 
a single 
2532 or 2732 type 
EPROM can be submitted 
for 
pattern 
generation. 
The EPROM 
is programmed 
with 
the 
customer's 
program 
using 
positive 
logic 
sense 
for 
ad- 
dress 
and 
data. 
Submissions 
on two 
EPROMs 
must 
be 


clearly 
marked. 
All 
unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
If the 
MC6804P2 
MCU 
ROM 
pattern 
is submitted 
on 
one 
2532 or 2732 EPROM, 
or on two 
2516 or 2716 type 
EPROMs, 
memory 
map 
addressing 
is one-for-one. 
The 
data space ROM runs from 
EPROM address 
$018 to $05F, 


and program 
space ROM runs from 
EPROM address 
$COO 
to $FF7, with 
vectors 
from 
$FFC to $FFF. 


For shipment 
to Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC carrier 
and packed 
securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media, 
EPROMs or floppy 
disks, 
are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 


computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
should 
be completed, 
signed 
and 
returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the 
contractual 
agreement 
for the creation 
of the customer 
mask. 
To aid 
in the 
verification 
process, 
Motorola 
will 
program 
cus- 
tomer 
supplied 
blank 
EPROM(s) 
or DOS disks 
from 
the 
data file 
used to create 
the custom 
mask. 


ROM Verification 
Units 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum 
order 
quantity, 
but 
are not 
production 
parts. 
These 
RVUs are not guaranteed 
by Motorola 
Quality 
As- 


surance. 


Ordering 
Information 


The following 
table 
provides 
generic 
information 
per- 
taining 
to 
the 
package 
type 
and 
temperature 
for 
the 
MC6804P2. 
This 
MCU 
device 
is available 
in both 
the 28- 


pin plastic 
dual-in-line 
(DIP) and the 28-lead 
PLCC pack- 
age. 


Package Type 
Temperature 
Order Number 


Plastic 
O°Cto 70°C 
MC6804P2P 


(P Suffix) 
- 40°C to + 85°C 
MC6804P2CP 


Plastic Leaded 
O°Cto 70°C 
MC6804P2FN 
Chip Carrier 
- 40°C to + 85°C 
MC6804P2CFN 
(FN Suffix I 


MDOS is a trademark 
of Motorola 
Inc. 


MS is a trademark 
of Microsoft, 
Inc. 
EXORciser is a registered trademark of Motorola 
Inc. 
IBM is a registered trademark 
of 'nternational 
Business Machines Corporation. 
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28-PIN 
DUAL-IN-L1NE 
PACKAGE 


Yss 
I • 
28 
RESET 


iRii 
27 
PA7 


YCC 
26 
PA6 


EXTAl 
4 
25 
PA5 


XTAl 
5 
24 
PA4 


MDS 
6 
23 
PA3 


22 
PA2 


peD 
21 
PAl 
• 


PCl 
20 
PAD 


PC2 
10 
19 
P87 


PC3 
11 
18 
P86 


P8D 
12 


P81 
13 
P84 


P82 
14 
P83 


28-LEAD 
PLCC PACKAGE 


< ~ l~ 
~ 
1m 
~ 
~ 
.g.'~ ~ ~ 
0 
26 


XTAl 
5 
25 
PA5 


MDS 
PA4 


TIMER 
PA3 


PCD 
PA2 


PCl 
PAl 


PC2 
PAD 


PC3 
11 
19 
P87 


12 
18 


0 ~ 


M ~ 
~ 
il' 
il' 
il' = 
il' 
= 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
HMOS Microcomputer Unit 


MC68704P2 
HMOS 
(high-density 
NMOS) 
microcomputer 
unit 
(MCU) 
is an EPROM 
member 
of the 
M6804 
Family 
of microcomputers. 
User 
programmJble 
EPROM 
allows 
program 
changes 
and lower 
volume 
applications. 
This feature 
further 
heightens 
the versatility 
of an MCU whose 
design-ability 
to process 
8-bit 
variables, 
one bit at a time, 
already 
makes 
it tremendously 
cost 
effective. 


This technical 
summary 
contains 
limited 
information 
on the 
MC68704P2. 
For detailed 
information, 
refer to the advanced 
information 
data sheet 
for the 
MC6804J1, 
MC6804J2, 
MC6804P2, 
and 
MC68704P2 
8-bit 
microcomputers, 
(MC6804J1/D) 
or to the M6804 MeV 
Manual 
(DLE404/D). 
Major 
hardware 
and software 
features 
of the 
MC68704P2 
MCU 
are: 


• 
On-Chip 
Clock 
Generator 
• 
Breakpoint 
and Mask 
Option 
Registers 


• 
1/0 and Registers 
Mapped 
in Data 
• 
Self-Check 
Space 
Memory 
• 
Conditional 
Branches 


• 
Software 
Programmable 
8-Bit Timer 
• 
Timer 
Pin is Software 
Programmable 
with 
7-Bit 
Prescaler 
as Event 
Counter 
or Timer 
Output 


• 
Single 
Instruction 
Memory 
Examinel 
• 
MC68HC04P2/P3 
Pin Compatibility 


Change 
• 
32 Bytes 
of RAM 
• 
MC6804J1/J2/P2 
Emulation 


• 
1088 Bytes 
of EPROM 


• 
True 
Bit Manipulation 


• 
Bit Test and 
Branch 
Instruction 


User selectable 
options 
are: 


• 
Mask 
Selectable 
Edge- 
or Level-Sensitive 
Interrupt 
Pin 


• 
Push-Pull 
or Open-Drain 
Interface 
Ports 


PBO 
ACCUMULATOR 
PBl 
A 
CPU 
PB2 
PORT 
PORT 
PB3 
B 
INDIRECT 
CONTROL 
DlR. 


REGISTER 
PB4 
1/0 
PAD 
REG 
PB5 
LINES 
PA 1 
PB6 
PORT 
PA2 
INDIRECT 
BREAKPOINT 
PORT 
OATA 
PBl 
A 
PA3 
REGISTER 
REGISTERS 


110 
PM 
A 
OIR. 
CPU 


LINES 
PA5 
REG. 
REG. 
EPROM 


PA6 
STACK 
MASK 
OPT. REG. 


PAl 
PCO 
PORT 
PROGRAM 
PC1 
C 
COUNTER 
PC2 
110 
PCH 
HIGH 
ALU 
PC3 
LINES 
1016 
x B 
PROGRAM 


USER PROGRAM EPROM 
COUNTER 


320xB 
LOW 
PCL 


SELF-CHECK 
ROM 
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Vcc 
AND 
VSS 


Power 
is supplied 
to the 
microcomputer 
using 
these 
two 
pins. 
VCC is + 5 volts 
(± 0.5 V) power, 
and 
VSS is 
ground. 


IRQ 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
an external 
interrupt 
to the microcomputer. 


EXTAL 
AND 
XTAL 


These 
pins 
provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
is connected 
to these 
pins 
to provide 
a system 
clock. 
Selection 
is made through 
the 
mask option 
register 
(MOR). The different 
clock generator 
options 
are shown 
in Figure 
1, along 
with 
crystal 
speci- 


fications. 


Internal 
Clock Options 


The crystal 
oscillator 
start-up 
time 
is a function 
of many 
variables. 
To ensure 
rapid 
oscillator 
start-up, 
neither 
the 
crystal 
characteristics 
nor 
load 
capacitances 
should 
ex- 


ceed 
recommendations. 
When 
using 
the on-board 
oscil- 
lator, 
the 
MCU 
should 
remain 
in a reset 
condition, 
with 
the RESET pin voltage 
below 
VIRES +, until 
the oscillator 
has stabilized 
at its operating 
frequency. 
See Figure 
2 for 
resistor/capacitor 
oscillator 
options. 


NC 


EXTERNAL 


CLOC' 
INPUT 


MCU 


XTAl 
(CRYSTAL 
MASK 


OPTION I 


TIMER 
The TIMER 
pin can be configured 
to operate 
in either 
the input 
or output 
mode. 
As input, 
this 
pin is connected 
to the 
prescaler 
input 
and serves 
as the timer 
clock. 
As 
output, 
the timer 
pin 
reflects 
the 
contents 
of the 
DOUT 
bit of the timer 
status/control 
register, 
the 
last time 
the 
TMZ 
bit was 
logic 
high. 


RESET 
The i-lESET pin 
is used to restart 
the 
processor 
to the 


beginning 
of a program. 
The program 
counter 
is loaded 
with 
the 
address 
of the 
restart 
vector. 
This 
should 
be a 


jump 
instruction 
to the first 
instruction 
of the main 
pro- 


gram. 
Together 
with 
the MDS pin, the RESET pin selects 
the operating 
mode 
of the MCU. 


MDSNpp 
The mode 
select (MDS) 
pin places the MCU into special 
operating 
modes. 
When 
this 
pin is logic 
high 
at the exit 
of the 
reset 
state, 
the 
decoded 
state 
of PA6 and 
PA7 is 


latched 
to determine 
the operating 
mode. 
This choice 
can 
be either 
the single-chip, 
self-check, 
or EPROM 
program- 


ming. 
However, 
if MDS is logic 
low at the end of the reset 
state, 
the 
single-chip 
operating 
mode 
is automatically 
selected. 
No external 
diodes, 
switches, 
transistors, 
etc. 


are required 
for 
single-chip 
mode 
selection. 
This 
pin 
is 
raised 
to Vpp voltage 
to program 
the EPROM. 


INPUT/OUTPUT 
LINES (PAO-PA7, 
PBO-PB7, PCO-PC3) 


These 20 lines are arranged 
into two 
B-bit ports 
(A and 
B) and one 4-bit 
port 
(C). All 
lines 
are programmable 
as 


CRYSTAL 
PARAMETERS 


AT - CUT PARAllEl 
RESONANCE 
CRYSTAL 


Co = 7 pF MAXIMUM 


FREO.:: 
11 MHz 


RS = 50 
OHMS MAXIMUM 


PIEZOELECTRIC 
CERAMIC RESONATORS 
MAY BE 


SUBSTITUTEO 
FOR 
THE 
CRYSTAl. 
fOLLOW 


MANUFACTURER'S 
CERAMIC 
RESONATOR 


SPECIFICATIONS. 


MCU 


IRESISTOR·CAPACITOR 
MASK 


OPTION) 


MCU 


EXTAl 
(CRYSTAL 
MASK 


OPTION) 
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Figure 
2. Typical 
Frequency 
Selection 
for 
Resistor/Capacitor 
Oscillator 
Options 


either 
inputs 
or outputs 
under 
software 
control 
of the 
data direction 
registers. 


INPUT/OUTPUT 
PROGRAMMING 


There 
are 20 input/output 
pins. All pins of each port 


are programmable 
as inputs or outputs 
under the control 
of the data direction 
registers 
(DDR). 


The port I/O programming 
is accomplished 
by writing 
the corresponding 
bit in the port DDR to a logic one for 


output. 
or a logic zero for input. 
as shown 
in Figure 3. 
When 
the 
registers 
are 
programmed 
as outputs, 
the 


latched 
data is readable 
regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
All the I/O pins are LSTIL 
compatible 
as both 
inputs 


and outputs. 
In addition. 
all three 
ports may use either 
or both of two output 
options: 
open drain or push-pull. 
Any write 
to a port writes 
to all of its data bits even 


though 
the 
port 
DDR may be set to input. 
This can be 


used as a tool 
to initialize 
the data registers 
and avoid 


undefined 
outputs. However, care must be exercised when 
using 
read-modify-write 
instructions. 
The data read cor- 
responds 
to the pin level if the DDR is an input 
or to the 
latched 
output 
data when 
the DDR is an output. 


The 20 bidirectional 
lines 
may be configured 
by port 
to be the standard configuration, 
push-pull, 
or open drain. 


Port B outputs 
are LED compatible. 


Port 
Data 
Registers 
($00, $01, $02) 


The port data registers are not initialized 
on reset. These 
registers 
should 
be initialized 
before 
changing 
the DDR 
bits to avoid 
undefined 
levels. 


Port 
A ($00) and 
Port 
B ($01) 


5 
4 
3 
2 


Port 
C ($02) 
4 
3 
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II 


DATA 


DIRECTION REGISTER 


BIT 


'" 
~~ 
Z 
I- 
a: u 
~ ~ 
I- 
Z 
Z 
Z 
- 
<:> 
u 


DATA 


DIRECTION 
OUTPUT 
INPUT 


REGISTER 
DATA 
OUTPUT 
TO 


BIT 
BIT 
STATE 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 


0 
X 
HI·Z 
PIN 


r---- 
I 
I 
I 
IL 
_ 
l 
HEO 


OUTPUT 


DATA 


BIT 


*For CMOS option transistor acts as resistor (approximately 40 km to VCC' 


For LSTTl/open-drain 
options transistor acts as low current clamping diode to VCC' 


The MCU memory 
map (Figure 4) consists of 4352 bytes 
of addressable 
memory 
and I/O register 
locations. 
This 
MCU has three separate memory 
spaces: program 
space, 
data space, and stack space. 
The MCU is capable 
of addressing 
4096 bytes of pro- 


gram 
space memory 
with 
its program 
counter 
and 256 
bytes 
of data space memory 
with 
its instructions. 
Pro- 
gram 
space memory 
includes 
self-check 
ROM, program 


EPROM, self-check 
vectors 
(mask 
ROM), 
user program 
vectors 
(EPROM), and reserved 
memory 
locations. 
A non-accessible 
subroutine 
stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out 
(LIFO) 
register. 
This 
register 
is used with 
inherent 
addressing 
to stack the return address for subroutines 
and interrupts. 
Indirect 
X and 
Y register 
locations 
$80 and $81 are 
generally 
used as pointers 
for such tasks as indirect 
ad- 
dressing 
to data space locations. 
Short direct addressing 
allows 
access to the four 
data space addresses 
$80-$83 
with 
single 
byte 
opcodes. 
The operations 
allowed 
are 


increment, 
decrement, 
load, 
and 
store. 
Data space 
lo- 
cations 
$82 and $83 can be used for 8-bit counter 
loca- 


tions. 
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With 
regard 
to Port C only, the four 
MSB bits are un- 


used. These 
bits are "don't 
care" 
(X) bits when 
written 
to but are always 
logic high when 
read. 


Port Data Direction 
Registers 
($04, $05, $06) 


Port DDRs configure 
the port pins as either outputs 
or 


inputs. 
Each port pin can be programmed 
individually 
to 


be an input or an output. 
A zero in the pin's corresponding 


DDR bit programs 
it as an input; 
a logic one programs 
it 


as an output. 
On reset, all the DDRs are initialized 
to a 


logic zero state to put the ports 
in the input 
mode. 


Port A ($04) and Port B ($05) 


5 
4 
3 
2 


Port C ($06) 


4 
3 


With 
regard 
to Port C only, the four 
MSB bits are un- 


used. These 
bits are "don't 
care" 
(Xl bits when 
written 
to but are always 
logic high when 
read. 


0 
PORT A OATA REGISTER 
$ 


1 
PORT B OATA REGISTER 
$ 


PORT C OATA REGISTER 
$ 


3 
RESERVEO 
$ 


4 
PORT A OOR 
$ 


5 
PORT BOOR 
$ 


6 
PORT C OOR 
$ 


7 
RESERVEO 
$ 


8 
12 BYTES) 
$ 


9 
TIMER STATUS CONT. REG. 
$ 


0 
RESERVEO 
$ 
•... 
•.... 


013 
(4 BYTES) 
$00 


014 
BREAKPOINT 
REG. ILOW) 
$OE 


BREAKPOINT 
REG. IHIGH) 


RESERVEO 


(7 BYTES) 


EPROM MASK 
OPTION REG 


USER DATA SPACE EPROM 


172 BYTES) 


RESERVED 


132 BYTES) 


INDIRECT REGISTER X 


INDIRECT REGISTER Y 


USER OATA SPACE RAM 


(3D BYTES) 


RESERVED 


(93 BYTES) 


252 
$FC 


253 
PRESCALER REGISTER 
$FO 


254 
TIMER COUNT REGISTER 
$FE 


255 
ACCUMULATOR 
$FF 


DATA SPACE 


II 


RESERVEO 


12656 
BYTES) 


2751 
$ABF 


2752 
$ACO 


SELF-CHECK 
ROM 
1320 BYTES) 


3071 
$BFF 


3072 
$CDD 


I" 
11016 
BYTES) 
- 


7 
$ 


SELF-CHECK 
IRQ VECTOR 
$ 


9 
(MASK 
ROM) 
$ 


0 
SELF-CHECK 
RESTART 
VECTOR 
$ 


1 
IMASK 
ROM) 
$ 


2 
USER IRQ VECTOR 
$ 


3 
IEPROM) 
$ 


4 
USER RESTART VECTOR 
$ 


5 
(EPROM) 
$ 


LEVEL 2 


LEVEL 3 
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ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and results 
of arithmetic 
calcu- 
lations 
or data manipulations. 


STACK 


A last-in-first-out 
(LIFO) stack is incorporated 
in the MCU 
that 
eliminates 
the 
need for 
a stack 
pointer. 
This 
non- 
accessible 
subroutine 
stack space is implemented 
in sep- 
arate RAM, 12-bits wide. 
Whenever 
a subroutine 
cal! or 
interrupt 
occurs, 
the contents 
of the PC are shifted 
into 
the top 
register 
of the stack. At the same time, 
the top 
register 
is shifted 
one level deeper. 
This happens 
to all 
registers, 
with the bottom 
register 
falling 
out of the stack. 


Whenever 
a return from 
subroutine 
or interrupt 
occurs, 
the top register 
is shifted 
into the PC and all lower 
reg- 
isters are shifted 
one level higher. 
The stack RAM is four 
levels 
deep. 
If the stack is pulled 
more 
than 
four 
times 
with 
no pushes, 
then the address 
that was stored 
in the 
bottom 
level of the stack is shifted 
into the PC. 


The MCU implements 
two forms 
of internal 
check: self 
check and the verify 
mode 
phase 
of EPROM 
program- 
ming. 
Self check performs 
an extensive 
functional 
check 
of the 
MCU 
using 
a signature 
analysis 
technique. 
For 
information 
on the verify 
mode in EPROM programming, 


see application 
note, 
MC68704P2 8-Bit EPROM Micro- 
computer Programming Module (AN-942). 


Self-check 
mode 
is selected 
by holding 
the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. Monitoring 
the self-check mode's stages 
for successful 
completion 
requires 
external 
circuitry, 
see 
Motorola's 
M6804 MCV Manual (DLE404/D). 


INDIRECT REGISTERS (X,V) 


These two 
registers 
are used to maintain 
pointers 
to 
other 
memory 
locations 
in data space. They are used in 
the 
register-indirect 
addressing 
mode 
and 
can 
be ac- 
cessed 
with 
the direct, 
indirect, 
short 
direct. 
or bit set! 


clear modes. 


RESET 


All resets of the MC68704P2 are caused by the external 
reset input 
(RESET). A reset can be achieved 
by pulling 
the RESET pin to logic low for a minimum 
of 96 oscillator 
cycles. 


During 
reset, a delay of 96 oscillator 
cycles 
is needed 
before 
allowing 
the RESET input 
to go high. 
If power 
is 
being applied, 
RESET must be held low long enough 
for 
the oscillator 
to stabilize 
and then provide 
the 96 clocks. 


Connecting 
a capacitor 
and resistor 
to the RESET input, 
as shown 
in Figure 
5 below 
typically 
provides 
sufficient 
delay. 


PROGRAM COUNTER (PC) 


The program 
counter 
is a 12-bit register 
that contains 
the address 
of the next byte to be fetched 
from 
program 
space. The program 
counter 
is contained 
in low byte (PCL) 
and high 
nibble 
(PCH). 


11 
8 7 
I 
PCH 
I 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic 
logic unit 
(ALU). It is cleared 
if the 
arithmetic 
operation 
does not result in a carry or borrow. 


The C bit is also set to the value of the bit tested 
in a bit 
test 
instruction. 
It participates 
in the 
rotate 
left (ROLA) 
instruction, 
as well. 
The second 
flag, the zero (Z) bit, is set if the result 
of 
the last arithmetic 
or logic operation 
was equal to zero. 


Otherwise, 
it is cleared. 
Bit test instructions 
do not affect 
the Z bit. 


There are two sets of these flags. One set is for interrupt 
processing 
(interrupt 
mode 
flags). 
The other 
set is for 
normal 
operations 
(program 
mode 
flags). 
When 
an in- 
terrupt 
occurs, 
a context 
switch 
is made from 
the 
pro- 
gram flags to the interrupt 
flags. An RTI forces the context 
switch 
back. While 
in either 
mode, only the flags for that 
mode 
are available. 
A context 
switch 
does not affect the 
value 
of the C or Z bits. Both sets of flags are cleared 
by 
RESET. 
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INTERRUPT 


The MCU can be interrupted 
by applying 
a logic 
low 
signal 
to the IRQ pin. However, 
a bit in the mask option 
register 
(MaR) 
determines 
whether 
the falling 
edge 
or 
the actual 
low 
level of the IRQ pin is sensed to indicate 
an interrupt. 


EDGE-SENSITIVE OPTION 


When 
the IRQ pin is pulled 
low, the internal 
interrupt 
request 
latch 
is set. Prior to each instruction 
fetch, 
this 
interrupt 
request 
latch 
is tested. 
If its output 
is low, 
an 
interrupt 
sequence 
is initiated 
at the end of the current 
instruction, 
provided 
the interrupt 
mask is cleared. 
Figure 
6 contains 
a flowchart 
that illustrates 
both the reset and 
interrupt 
sequences. 
The 
interrupt 
sequence 
consists 
of one cycle 
during 
which: 


the interrupt 
request 
latch is cleared, 


the interrupt 
mode flags are selected, 


the program 
counter 
(PC) is saved on the stack, 


the interrupt 
mask is set, and 


The IRQ vector 
jump 
address 
is loaded 
into the PC. 


O-DDRs 


1 -INTERRUPT 
MASK 


O-INTERRUPT 
REQUEST 


LATCH I£DGE 


SENSITIVE 
OPTION) 
$FF_TCR 


SOO-TSCR 


$FF_PfI£SCAlER 


lOAD 
PROGRAM 


COUNTER 
FROM 


RESET 
VECTOR 


LOCATION 


HFE/SFFF 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip 
mode 
and $FF8-$FF9 
in the 
self-check 
mode. 
The 
contents 
ofthese 
locations 
are not decoded 
as an address 
to which 
the PC should 
jump. 
Instead, 
they are decoded 
like any other 
EPROM program 
word. 
So, it is essential 
that the vector 
contents 
specify 
a JMP 
instruction 
in ad- 
dition to the starting 
address 
of the interrupt 
service 
rou- 
tine. 
If required, 
this 
routine 
should 
save the values 
of 
the accumulator 
and the X and Y registers, 
since these 
values 
are not stored 
on the stack. 
Internal 
processing 
of the 
interrupt 
continues 
until 
a 
return 
from 
interrupt 
(RTI) instruction 
is processed. 
Dur- 
ing RTI the 
interrupt 
mask 
is cleared 
and the 
program 
mode flags are selected. 
The next instruction 
of the pro- 
gram 
is then fetched 
and executed. 


When 
the 
interrupt 
was 
initially 
detected 
and the 
in- 
terrupt 
sequence 
started, 
the interrupt 
request 
latch was 
cleared so that the next interrupt 
could be detected. 
These 
steps occurred 
even as the first 
interrupt 
was being serv- 
iced. However, 
even though 
the second 
interrupt 
edge 
set the interrupt 
request 
latch during 
the first 
interrupt's 
• 
processing, 
the second 
interrupt's 
sequence 
can not be- 
gin until 
completion 
of the interrupt 
service 
routine 
for 
the first interrupt. 
Completion 
of an interrupt 
service 
rou- 
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is not 
directly 
available 
to the 
program~er, 
is cleared 
during 
the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION 


Actual 
operation 
of the 
level-sensitive 
and edge-sen- 
sitive 
options 
are similar. 
However, 
the 
level-sensitive 
option 
does 
not 
have 
an interrupt 
request 
latch. 
Since 
there 
is no interrupt 
request 
latch, the logic 
level of the 
IRQ pin 
is checked 
to detect 
the 
interrupt. 
Also, 
in the 
interrupt 
sequence 
there is no need to clear the interrupt 
request 
latch. These differences 
are shown 
in Figure 6. 


uUrlng 
me 
powerup 
sequence, 
the 
Interrupt 
mask 
is 
closed. This precludes 
any false interrupts. 
The PC is also 
loaded with 
the appropriate 
restart 
vector 
(jump 
instruc- 
tion). 


To open the interrupt 
mask, the user should 
do a JSR 
to an initialization 
subroutine 
that 
ends with 
an RTI in- 
stead of an RTS. The RTI opens the interrupt 
mask. Typ- 


ical RESET and IRQ processes 
and their 
relationship 
to 
the interrupt 
mask are shown 
in Figure 
7. 
Maximum 
interrupt 
response time is six machine 
cycles. 


This includes 
five cycles for the longest 
instruction 
plus 
one for stacking 
the PC and switching 
flags. 


IRQ 
RECOGNIZED 


INTERRUPT 
MASK 
CLOSED 


INTERRUPT 
MASK 
CLOSED 
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A block diagram of the MC68704P2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 
The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2).These bits control the division of the prescaler 
input within the range of divide-by-20, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 
The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. 
For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship 
is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tbyte, 
which is (fosc/48). 


TIMER INPUT 
MODE 


In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control to tell when the counter 
register has reached zero. 


TIMER OUTPUT 
MODE 
In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosd48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 


NOTE 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 


TIMER COUNT REGISTER($FE) 


The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be read or written. 


7 
I MS8 


TMZ - 
Timer zero 
1= Timer count register has reached the all zero's 
state since the last time the TMZ bit was read 
0= This bit is cleared by a read of the TSCR if TMZ 
is read as logic one 


Not used by this register 
TOUT - 
Timer output 
1= Output mode is selected for the timer 
0= Input mode is selected for the timer 
DOUT - 
Data output 
Latched data at this bit is sent to the TIMER pin 
when both the TMZ and TOUT bits are logic high. 


PSI- 
Prescaler initialize 
1= Prescaler begins to decrement 
0= Prescaler is initialized and counting is inhibited 
PSO- 
PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 


PS2 
PS1 
PSG 
Divide By 


° 
° 
0 
1 


0 
° 
1 
2 


° 
1 
0 
4 


° 
1 
1 
8 


1 
° 
° 
16 


1 
° 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


It is recommended 
that MVI or loading and storing 
instructions 
be used when changing bit values in the 
TSCR.Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 
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During 
reset, 
the TSCR is set to all zeroes; 
the TIMER 
pin 
is in the 
high 
impedance 
input 
mode; 
and 
DOUT 
LATCH 
is forced 
to a logic 
high. 
At the same 
time, 
PSO- 
PS2 coding 
sets the 
prescaler 
tap 
at divide-by-one, 
and 
bit 3 initializes 
the prescaler. 


TIMER 
PRESCALER 
REGISTER 
($FD) 


The timer 
prescaler 
register 
reflects 
the current 
count 
ofthe 
7-bit prescaler. 
This register 
is the prescaler 
counter 
and can be read or written. 


ij 
I MSB 


BREAKPOINT 
REGISTERS 


The 
breakpoint 
registers 
are 
used 
as a program 
de- 
bugging 
aid. To enable 
the breakpoint 
registers: 


- 
The MDS pin must 
be pulled 
high 
using 
a 300 ohm 
resistor 
to + 5 volts. 


- 
In the 
Port 
A I/O register, 
both 
PA6 and 
PA7 pins 
must 
be pulled 
low 
using 
a 10 kilohm 
resistor 
to 
ground. 


A breakpoint 
address 
is written 
into 
address 
registers 
ARL 
and 
ARH 
by the 
user. 
The 
lower 
eight 
bits 
of the 
breakpoint 
address 
(AO-A71 are written 
into the ARL. The 
upper 
four 
bits 
(A8-A 11Iare written 
into the ARH. 


Breakpoint 
Address 
Register 
Low 
(ARL) ($OE) 


7654321 


A7-AO 
Breakpoint 
address 
bits A7 through 
AO. 


Breakpoint 
Address 
Register 
High 
(ARHI 
($OFI 


7654321 


A11-A8 
Breakpoint 
address 
bits A 11 through 
A8. 


NOTE 


ARL must 
be written 
after 
writing 
to ARH. 


ARL and ARH are concatenated 
to form 
the breakpoint 
address. 
When 
the processor 
fetches 
an instruction 
hav- 


ing the same address 
as the breakpoint 
address, 
the MDS 
pin goes logic 
low for one machine 
cycle. 
This operation 
does 
not alter 
program 
flow. 


MASK 
OPTION 
REGISTER 
(MOR) 
($17) 


The 
MC68704P2 
uses 
the 
EPROM 
MOR 
during 
emu- 
lation 
to 
select 
the 
clock/oscillator, 
port, 
and 
interrupt 
request 
edge- and level-sensitive 
triggering 
options 
avail- 
able 
on the 
MC6804J1/J2IP2 
devices. 
The 
mask 
option 
register 
is not affected 
by RESET. 


OSC - 
The oscillator 
option 
bit 
1 = Resistor/capacitor 
mode 
of operation 
0= Crystal 
mode 
of operation 
The 
crystal 
mode 
is selected 
in the 
EPROM 
pro- 
gramming 
mode, 
regardless 
of the state 
of OSC. 


PORT A - 
Port A output 
selection 
bit 
1 = Open 
drain 
output 
mode 
0= Th ree-state 
output 
mode 
PORT B - 
Port B output 
selection 
bit 
1 = Open 
drain 
output 
mode 
0= Three-state 
output 
mode 
PORT C - 
Port C output 
selection 
bit 
1 = Open 
drain 
output 
mode 
0= Three-state 
output 
mode 
IRQ - 
Interrupt 
request 
bit 
1 = Level-sensitive 
triggering 
input 
mode 
0= Edge-sensitive 
triggering 
input 
mode 
Bits 6, 4, and 0 
Not used 
in this 
register 


Emulation 


The 
MC68704P2 
MCU 
internal 
EPROM 
can 
be 
pro- 
grammed 
to 
emulate 
either 
the 
MC6804J1, 
MC6804J2, 


or the 
MC6804P2 
MCU 
device. 
While 
the 
M6805 
Family 
of EPROM 
MCUs 
have 
an on-chip 
bootstrap-loader 
pro- 
gram 
stored 
in mask 
ROM, 
the 
MC68704P2 
does 
not. 


Additional 
programming 
hardware 
and software 
are re- 
quired 
to program 
this 
MCU 
EPROM. 
For more 
specific 
information 
regarding 
the 
programming 
and 
erasing 
of 
the MCU EPROM; 
see application 
note, 
MC68704P2 
8-Bit 
EPROM 
Microcomputer 
Programming 
Modu/e 
(AN-942). 


Emulation 
Limitations 


This EPROM MCU is designed 
to emulate 
the functions 
of the 
MC6804J1/J2/P2 
devices 
as closely 
as possible. 


Limitations 
to this 
capability 
pertain 
to the 
CMOS 
pull- 
up option, 
execution 
out 
of data 
space, 
and 
packaging 
pin assignments 
of the 
MCU 
being 
emulated. 
The 
limi- 
tations 
do 
not 
apply 
to the timing, 
execution 
speed, 
or 
functionality 
of the MCU 
being 
emulated. 


This MCU cannot 
emulate 
the CMOS 
pullup 
option. 
To 
implement 
the CMOS 
option, 
external 
40 kilohm 
pullup 
resistors 
are connected 
to the specific 
I/O port signal 
lines. 


All other 
options 
are available 
through 
correct 
use of the 
MOR bytes. 


It was 
necessary 
that 
the 
PC of this 
MCU 
have 
access 
to both 
the program 
and data 
space 
EPROM 
because 
of 
the implementation 
of the MCU programming 
hardware. 


Therefore, 
the 
MC68704P2 
will 
execute 
code 
out 
of the 
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data 
space 
EPROM ($18-$5F). This anomaly 
is not per- 
mitted 
on the MC6804J1 IJ2/P2 
ROM devices. When plan- 
ning on operating 
ROM patterns 
from 
this EPROM MCU, 
the programmer 
should 
not use data space as extra pro- 
gram 
space. 
The MC6804J1/J2 
devices are packaged 
in 20-pin dual- 
in-line 
(DIL). The MC6804P2 and the MC68704P2 devices 
are packaged 
in 28-pin 
DIL packages. 
Device pin assign- 
ments 
must 
be adhered 
to. When 
emulating 
a 20-pin 
MCU with 
this 
EPROM MCU, all unused 
pins (PAO-PA3, 
PCO-PC3) should 
be grounded 
externally 
through 
a 10 
kilohm 
resistor. 
This allows 
the MC68704P2 
to emulate 
the software 
execution 
exactly 
as it would 
occur 
on the 
20-pin 
device. 


EPROM 
ERASING 


This MCU EPROM is erased 
by exposure 
to a high in- 
tensity 
ultraviolet 
light 
(UV) with 
a wavelength 
of 2537 
Angstrom. 
The recommended 
dosage 
is 15Ws/cm2, 
(UV 
intensity 
at EPROM surface/area 
to be erased). UV lamps 
should 
be used without 
filters. 
The MC68704P2 
should 
be positioned 
about 
one inch from 
the UV source. 
The 
duration 
of the 
exposure 
is a function 
of the 
radiant 
strength 
of the individual 
UV source. 


EPROM 
PROGRAMMING 
HARDWARE 


The MC68704P2 
programming 
module, 
shown 
in Fig- 
ure 9, is used to program 
the MC68704P2 
MCU EPROM. 
To do this, the module 
requires 
a 2K EPROM of the 2716 
type, 
a + 5 Vdc power 
supply, 
and either 
a MC68705P3 
or MC6805P2 MCU as the module 
MCU. For more specific 
information 
regarding 
the hardware 
and procedures 
nec- 
essary 
to 
program 
the 
MC68704P2; 
see either 
the 
ad- 
vanced information 
data sheet for MC6804J1, 
MC6804J2, 
MC6804P2, 
and 
MC68704P2 
8-bit 
microcomputers 
(MC6804JlID) 
or application 
note, 
MC68704P2 
8-Bit 
EPROM Microcomputer 
Programming 
Module 
(AN-942). 


The MCU has a set of 42 basic instructions. 
They can 
be divided 
into five different 
types: register/memory, 
read- 
mOdify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 
erand 
is the 
accumulator; 
the 
other 
is obtained 
from 
memory 
using one of the addressing 
modes. 
Refer to the 
following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load XP from Memory 
LDX 


Load YP from Memory 
LDY 


Store A in Memory 
STA 


Add to A 
ADD 


Subtract from A 
SUB 


Function 
Mnemonic 


AND Memory to A 
AND 


Transfer A to XP 
TAX 


Transfer A to YP 
TAY 


Transfer YP to A 
TYA 


Clear A 
CLRA 


Clear XP 
CLRX 


Clear YP 
CLRY 


Arithmetic 
Compare with Memory 
CMP 


Move Immediate 
Value 
to Memory 
MVI 


Arithmetic 
Left Shift of A 
ASLA 


Complement 
A 
COMA 


Rotate A Left and Carry 
ROLA 


Transfer XP to A 
TPA 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 
ister, modify 
or test its contents, 
and write 
the modified 
value back to memory 
or to the register. 
AIlINC 
and DEC 
forms along with all bit manipulation 
instructions 
use this 
method. 
Refer to the following 
list of instructions. • 


Function 
Mnemonic 


Increment 
Memory 
Location 
INC 


Increment A 
INCA 


Increment XP 
INCX 


Increment YP 
INCY 


Decrement Memory 
Location 
DEC 


Decrement A 
DECA 


Decrement XP 
DECX 


Decrement YP 
DECY 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 
tion is met; otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer to the fol- 
lowing 
list of instructions. 


Function 
Mnemonic 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
(BHS) 


Branch if Carry Set 
BCS 


Branch if Lower 
(BLOI 


Branch if Not Equal 
BNE 


Branch if Equal 
BEG 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting 
or clearing 
any bit which 
resides 
in the 
256 bytes 
of data 
space, 
where 
all port 
registers, 
port 
DDRs, timer, 
timer 
control, 
and 
on-chip 
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RAM 
reside. 
An additional 
feature 
allows 
the software 
to 
test 
and 
branch 
on the state 
of any 
bit within 
these 
256 
locations. 
The 
bit set, bit clear, 
and 
bit test 
and 
branch 
functions 
are all implemented 
with 
a single 
instruction. 
For the test and 
branch 
instructions, 
the value 
of the bit 
tested 
is also placed 
in the carry 
bit of the condition 
code 
register. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Branch If Bit n is Set 
BRSET n(n=O ... 
71 


Branch If Bit n is Clear 
BRClR n(n=O ... 
7) 


Set Bit n 
BSET n(n=O ... 
71 


Clear Bit n 
BClR n(n=O ... 
71 


These 
instructions 
are used 
to control 
processor 
op- 
eration 
during 
program 
execution. 
The jump 
conditional 
(JMP) 
and jump 
to subroutine 
IJSR) instructions 
have no 
register 
operand. 
Refer 
to the 
following 
list 
of instruc- 
tions. 


Function 
Mnemonic 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


No Operation 
NOP 


Jump to Subroutine 
JSR 


Jump Unconditional 
JMP 


Since 
the 
accumulator 
and 
all other 
registers 
are lo- 
cated 
in RAM, 
many 
implied 
instructions 
exist. 
Some 
of 
the instructions 
recognized 
and translated 
by the assem- 


bler 
are shown 
below: 


Mnemonic 
Becomes 
Mnemonic 
Becomes 


ASLA 
ADD $FF 
INCX 
INC $80 


BHS 
BCC 
INCY 
INC $81 


BLO 
BCS 
lDXI 
MVI $BODATA 


ClRA 
SUB $FF 
lDYI 
MVI $81 DATA 


ClRX 
MVI $BO#0 
NOP 
BEG (PC) +1 


ClRY 
MVI $B1 #0 
TAX 
STA $80 


DECA 
DEC $FF 
TAY 
STA $81 


DECX 
DEC $BO 
TXA 
LOA $80 


DECY 
DEC $81 
TYA 
lOA $81 


INCA 
INC $FF 


Some 
examples 
of valuable 
instructions 
not 
specifi- 


cally 
recognized 
by the assembler 
are shown 
below: 


Mnemonic 
Meaning 


BClR 7,$FF 
Ensures A is plus 


BSET 7, $FF 
Ensures 
A is minus 


BRClR 7, $FF 
Branch if A is plus 


BRSET 7, $FF 
Branch if A is minus 


BRClR 7, $80 
Branch if X is plus (BXPl) 


BRSET 7, $80 
Branch if X is minus (BXMI) 


BRClR 7, $81 
Branch if Y is plus (BYPl) 


BRSET 7, $81 
Branch if Y is minus IBYMI) 


OPCODE 
MAP 


Table 
1 is a listing 
of all the 
instruction 
set opcodes 
applicable 
to the 
MC6804P2 
MCU. 


The MCU 
has nine different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for all situations. 
It deals 
with 
objects 
in three 
dif- 
ferent 
address 
spaces: 
program 
space, 
data 
space, 
and 
stack space. The term 
"effective 
address" 
lEA) is used in 
describing 
the 
various 
addressing 
modes. 
Effective 
ad- 


dress is defined 
as the address 
from 
which 
the argument 
for an instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is lo- 
cated 
in program 
ROM. 
It is contained 
in the 
byte 
im- 


mediately 
following 
the 
opcode. 
The 
immediate 
addressing 
mode 
is used to access constants 
that 
do not 
change 
during 
program 
execution, 
such 
as a constant 
used to initialize 
a loop 
counter. 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows 
the user to directly 
address 
the 
256 bytes 
of data 
space 
with 
a single 
two- 


byte 
instruction. 


SHORT 
DIRECT 


In the short 
direct 
addressing 
mode, 
the MCU has four 
locations 
in data 
space 
RAM 
it can use, ($80, $81, $82, 


and 
$83). 
The opcode 
determines 
the 
data 
space 
RAM 
location, 
and the instruction 
is only 
one byte. Short 
direct 
addressing 
is a subset 
of the 
direct 
addressing 
mode. 
The X and Y registers 
are at locations 
$80 and 
$81, re- 


spectively. 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address 
of the 
argument 
is obtained 
by concatenating 
the 
four 
least-significant 
bits of the opcode 
with the byte following 
the 
opcode 
to form 
a 12-bit 
address. 
Instructions 
using 
the extended 
addressing 
mode, 
such as JMP or JSR, are 
capable 
of 
branching 
anywhere 
in program 
space. 
An 
extended 
addressing 
mode 
instruction 
is two 
bytes 
long. 
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Register/Memory, 
Control, and 
Bit Manipulation 
Register/Memory 
and 
Branch Instructions 
Read/Modify/Wri1e 
Instructions 
Instructions 
Read/Modify/Write 


L~' 
:;" 
oo~o 
~l 
o~ 
5 


o~o 


7 
,::. 
1:1 


A 
B 


1~ 
1~1 


E 
F 
~ 
.,,, 
alaI 
0111 
1010 
1011 
1110 
1111 


3 
3 
, 
3 
3 
, 
, 
, 
· 
, 
· 
· 
· 
0 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
MV' 
BRClRO 
BCLRO 
LOA 
LOA 
0 
... 
"n , 
"n , 
"n 
"" 
"n 
"" , 
"n , 
"" , 
'" 
3 
'" 
3 
'"" 


3 
8T81 
OS< , 
IIINO 
IIINO 
... 


3 
3 
3 
3 
3 
, 
3 
, 
· 
· 
, 
· 
· 
1 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
BRClRl 
BCLRl 
STA 
STA 
1 


"'" 
"n , 
"" 
"n 
"n , 
"n , 
"n 
"" 
'" , 
'" 
3 
'" 
3 
8T81 
OS< , 
IIINO , 
IIINO 
"'" 
3 
3 
3 
3 
3 
, 
3 
, 
· 


3 
, 
· 
2 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
Rn 
BRCLR2 
BCLR2 
ADD 
ADD 
2 
"''' 
, 
"" , 
"n 
"n , 
"n 
"n , 
"n , 
"n 
"n , 
EXT 1 
'" 


INH J 
8T82 
OS< , 
IIINO , 
IIINO 
"''' 
3 
3 
3 
, 
3 
, 
3 
3 
3 
, 
3 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
RTS 
BRCLR3 
BCLA3 
SUB 
SUB 
3 


"''' 
, 
"n 
"n 
"n 
"n 
"n , 
"" 
"n , 
"n 
3 
'" , 
'" 
, 
IN•.• J 
.", 
OS< , 
IIINO , 
IIINO 
"''' 
3 
3 
3 
, 
3 
, 
, 
3 
· 
, 
· 
· 
· 
4 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
COMA 
BRCLR4 
BCLR4 
CMP 
CMP 
4 


"'" 
, 
on 
"n 
"n 
"n , 
"n , 
"n , 
"n 
"n 
3 
'" , 
'" 
, 
"" 
3 
.", 
OS< , 
IIINO , 
IIINO 
"'" 


3 
3 
3 
, 
3 
3 
, 
3 
· 
· 
, 
· 
· 
· 
5 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
ROLA 
BRCLR5 
BCLA5 
AND 
AND 
5 


0101 
"n 
"n , 
on , 
"n 
"n , 
"n , 
"n , 
"n , 
'" , 
'" 
''" 
3 
". 3 
OS< 
, 
A INO , 
IIltlO 
0101 


3 
3 
3 
, 
, 
3 
, 
3 
, 
· 
· 
· 
6 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
BRCLR6 
BCLR6 
'NC 
'NC 
6 


0110 
, 
"n , 
"n , 
"n , 
"n , 
"n , 
"n , 
"n , 
"n , 
'" , 
'" 
3 
8Tll 
OS, 
, 
IIINO , 
A INO 
OlIO 


3 
3 
3 
3 
, 
3 
3 
3 
· 
· 
, 
· 
· 
7 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
BACLR7 
BCLR7 
DEC 
DEC 
7 


0'11 
, 
"n , 
"n 
"n , 
"n 
"n , 
"n , 
"n , 
"n 
3 
'" 
3 
'" 


3 
8T82 
OS< , 
IlINO , 
IlINO 
0111 


3 
, 
3 
3 
3 
3 
3 
3 
· 
· 
, 
· 
· 
B 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
'NC 
DEC 
BRSETO 
BSETO 
LOA 
LOA 
8 


''''' 
, 
"n , 
"n , 
"n , 
"n , 
"n 
"n , 
"n , 
"n , 
'" , 
'" , 
so , 
so 
3 
8Tll 
OS< , 
IMM 
2 
~" 
''''' 
3 
3 
3 
3 
, 
3 
3 
3 
· 
· 
, 
· 
· 
9 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
'NC 
DEC 
BRSETl 
BSET1 
, 
STA 
9 


''''' 
, 
"n , 
"n , 
"n , 
on , 
"n , 
"n , 
"n , 
on , 
'" , 
'" , 
so 
so 
3 
". 3 
OS< 
3 
"" 
''''' 
3 
3 
, 
3 
, 
3 
, 
3 
· 
. 
, 
· 
A 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
'NC 
DEC 
BRSET2 
BSET2 
ADD 
ADD 
A 


1010 
IlEll 
"n , 
"n , 
"n 
"n , 
"n 
"n , 
"" 


3 
EXT 1 
'" , 
so , 
so 
3 
." 3 
OS< 
3 
IMM 2 
~" 
1010 


3 
3 
3 
3 
3 
, 
, 
3 
, 
· 
B 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
'NC 
DEC 
BRSET3 
BSET3 
SUB 
SUB 
B 


1011 
, 
on , 
on , 
"n , 
"n 
"n 
"n , 
" 
, 
"n 
3 
'" , 
'" , 
so , 
so 
3 
". 3 
OS< 
'"" 


3 
"" 


1011 


3 
3 
3 
3 
3 
, 
, 
3 
· 
· 
, 
· 
C 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
LOA 
STA 
BRSET4 
BSET4 
CMP 
CMP 
C 


"'" 
, 
on , 
on 
"n 
"n , 
"n , 
"n , 
"n , 
on 
3 
"" , 
'" 
so , 
so 
3 
." 3 
OS, 
3 
'"" 
"" 
"'" 
3 
3 
3 
3 
3 
3 
, 
3 
· 
· 
· 
. 
, 
· 
· 
· 
0 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
LOA 
STA 
BRSET5 
BSET5 
AND 
AND 
0 


ltOl 
, 
"n 
"n 
"n , 
"n , 
"n , 
"n , 
"n , 
"n , 
'" , 
'" , 
so , 
so 
3 
8T81 
OS< 
3 
IMM 
2 
"" 


1101 


3 
3 
3 
3 
3 
, 
3 
3 
, 
· 
· 
E 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JRSn 
JMPn 
LOA 
STA 
BASET6 
BSET6 
, 
'NC 
E 


'110 
"n , 
"n , 
"n 
'" , 
"n , 
"n , 
"n , 
"n 
3 
'" , 
'" , 
so , 
so 
3 
.", 
OS< 
3 
"" 


1I10 


3 
3 
, 
3 
3 
3 
3 
, 
· 
, 
· 
· 
F 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCS 
BCS 
JSRn 
JMPn 
LOA 
STA 
BRSETI 
BSETI 
, 
OEC 
F 


1111 
"n , 
"n , 
"n , 
"n , 
"n , 
"n , 
"n , 
"n , 
on 
3 
'" 
so 
so 
3 
". 3 
OS, 
, 
"" 


1111 


Inherent 
Short Direct 
Bit Test and Branch 
Immediate 
Direct 
Extended 
ANtive 
Bit Set/Clear 
Regiltit!' Indirect 


Cycles 


Mnemonic 


Bytes 
• 


• 


The 
relative 
addressing 
mode 
is only 
used 
in condi- 


tional 
branch 
instructions. 
In relative 
addressing, 
the con- 
tents 
of the 
8-bit 
signed 
byte 
(the offset) 
following 
the 


opcode 
is added 
to 
the 
PC if, and 
only 
if, the 
branch 


conditions 
are true. 
Otherwise, 
control 
proceeds 
to the 


next 
instruction. 
The span 
of relative 
addressing 
is from 


-15 
to + 16 from 
the opcode 
address. 
The programmer 
need 
not 
calculate 
the 
offset 
when 
using 
the 
Motorola 
assembler, 
since it calculates 
the proper 
offset 
and checks 


to see that 
it is within 
the span 
of the branch. 


BIT SET/CLEAR 


In the 
bit set/clear 
addressing 
mode, 
the 
bit to be set 


or cleared 
is part 
of the 
opcode. 
The byte following 
the 


opcode 
specifies 
the direct addressing 
of the byte in which 
the specified 
bit is to be set or cleared. 
Thus, 
any 
bit in 
the 256 locations 
of data space memory 
that can be writ- 


ten to can be set or cleared 
with 
a single 
2-byte 
instruc- 


tion. 


CAUTION 


The corresponding 
DDRs for 
ports 
A, B, and Care 


write 
only 
registers 
(registers 
at $04, $05, and $06). 


A read 
operation 
on these 
registers 
is undefined. 


Since 
BSET and 
BCLR are read-modify-write 
func- 


tions, 
they cannot 
be used to set or clear a DDR bit; 


all 
"unaffected" 
bits 
would 
be set. Write 
all 
DDR 
bits 
in a port 
using 
a single-store 
instruction. 


The 
bit test 
and 
branch 
addressing 
mode 
is a combi- 


nation 
of direct 
addressing 
and relative 
addressing. 
The 


bit that 
is to be tested 
and 
its condition 
(set or clear) 
is 


included 
in the 
opcode. 
The 
data 
space 
address 
of the 


byte 
to 
be tested 
is in the 
single 
byte 
immediately 
fol- 


lowing 
the opcode 
byte. The third 
byte 
is sign 
extended 


to twelve 
bits and becomes 
the offset 
added 
to the PC if 
the condition 
is true. This single 
3-byte 
instruction 
allows 


the 
program 
to 
branch 
based 
on the 
condition 
of 
any 


readable 
bit in the 256 locations 
of data space. 
The span 


of 
branching 
is from 
-125 
to + 130 from 
the 
opcode 


address. 
The state of the tested 
bit is also transferred 
to 


the carry 
flag. 


REGISTER·INDIRECT 


In the 
register-indirect 
addressing 
mode, 
the 
operand 
is at the address 
in data space pointed 
to by the contents 
of one 
of the 
indirect 
registers, 
X or Y. The 
particular 


indirect 
register 
is selected 
by bit 4 of the opcode. 
Bit 4 
decodes 
into an address 
that 
represents 
the register, 
$80 
or $81. A register-indirect 
instruction 
is one 
byte 
long. 


INHERENT 


In the 
inherent 
addressing 
mode, 
all the 
information 
necessary 
to execute 
the 
instruction 
is contained 
in the 
opcode. 
These 
instructions 
are one 
byte 
long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to +7.0 
V 


Input Voltage 
Vin 
-0.3 
to +7.0 
V 


Operating Temperature 
Range (Comm.) 
TA 
o to 70 
·C 


Operating Temperature 
Range (Ind. I 
TA 
-40 
to +85 
·C 


Storage Temperature 
Range 
Tsto 
-55 
to +150 
·C 


Junction 
Temperature 
(Cerdip) 
TJ 
175 
·C 


This 
device 
contains 
circuitry 
to protect 
the 
in- 


puts against damage due to high static voltages 
or electric 
fields; 
however, 
it is advised 
that 
nor- 


mal precautions 
be taken to avoid application 
of 


any voltage higher than maximum-rated 
voltages 
to this high-impedance 
circuit. 
For proper oper- 
ation it is recommended 
that Vin and Vout 
be con- 


strained to the range VSS '" (Vin or Voutl '" VCe- 
Reliability 
of operation 
is enhanced if unused in- 


puts except EXTAL are connected 
to an appro- 


priate logic voltage level (e.g., either VSS or VCCI. 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
6JA 
·CIW 
Cerdip 
60 


Ycc = 5.2 Y 


TEST 
MM06150 


POINT 
OR EllUIY. 
10 kG 


30 pF 
46 kG 
MM07000 
(TOTAL! 
OR EllUIY. 


Figure 
10. LSTTL Equivalent 
Test 
Load 
(Ports 
A, C. 
and TIMER) 


Ycc = 5.2 Y 
TEST 
MM06150 


POINT 
OR EllUIY. 
4 kG 


40 pF 
23kG 
MM07000 
(TOTAl) 
OR EllUIY. 


Figure 
11. LSTTL 
Equivalent 


Test 
Load 
(Port 
B) 
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For 
most 
applications 
PPORT<P,NT 
and 
can 
be 
ne- 
glected. 
PPORT may 
become 
significant 
if the 
device 
is 


configured 
to drive 
Darlington 
bases or sink 
LED loads. 


An 
approximate 
relationship 
between 
Po 
and 
TJ (if 
PPORT is neglected) 
is: 


PO= K+ (TJ +273'C) 
(2) 
Solving 
equations 
(1) and (2) for 
K gives: 


K = Po " (TA + 273'C) + 0JA"P02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 


K can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA- Using 
this 
value 
of K, 


the values 
of Po and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA- 


The average 
chip-junction 
temperature, 
TJ. in 'c can 
be obtained 
from: 


TJ=TA+(PD"OJA) 
(1) 
where: 


TA 
°JA 


Po 


P'NT 
PPORT 


= Ambient 
Temperature, 
'c 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient. 
'CIW 


= PINT+ 
PPORT 


= 'CC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Dissipation, 


Watts 
- 
User 
Determined 


PROGRAMMING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 


(VCC= +5.0 Vdc±0.5 
Vdc. VSS=GND. 
TA=20°C to 30'C. unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
Vpp 
20 
21 
22 
V 


Vpp Supply Current IVpp = 22.0 VI 
Ipp 
- 
10 
20 
mA 


Programming 
Oscillator Frequency 
foscn 
- 
10 
11 
MHz 


Programming 
Time IPer Byte) 
tPRG 
- 
5 
50 
ms 


ELECTRICAL 
CHARACTERISTICS 


(VCC= +5.0 Vdc±0.5 
Vdc. VSS=GND. 
TA=O'C to 70°C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Internal Power Dissipation - 
No Port Loading 
P'NT 
- 
165 
275 
mW 


Input High Voltage 
V,H 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Input Capacitance 
Cin 
- 
10 
- 
pF 


Input Current (IRQ, RESET) 
lin 
- 
2 
20 
~A 


SWITCHING 
CHARACTERISTICS 


(VCC= +5.0 Vdc±0.5 
Vdc. VSS=GND. 
TA=O'C to 70'C. unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
fosc 
4.0 
- 
11.0 
MHz 


Bit Time 
tbit 
0.364 
- 
1.0 
~s 


Byte Cycle Time 
tbvte 
4.36 
- 
12.0 
~s 


IRQ and TIMER Pulse Width 
tWL,tWH 
2 xtbvte 
- 
- 
- 


RESET Pulse Width 
tRWL 
2 xtbvte 
- 
- 
- 


RESET Delay Time (External Capacitance = 1.0 ~F) 
tRHL 
100 
- 
- 
ms 
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II 


PORT DC ELECTRICAL CHARACTERISTICS 
(VCC= + 5.0 Vdc ± 0.5 Vdc. VSS = GND. TA ~ O·Cto 70·C. unless otherwise 
noted) 


Symbol 


Ports A and C (Open Drain) 


Output Low Voltage. 'Load = 0.4 mA 
VOL 
- 
- 
0.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
~ 


Open Drain Leakage (Vout=VCC) 
ILOD 
- 
4 
40 
~A 


Output Low Voltage. ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output Low Voltage. 'Load = 10 mA (Sink) 
VOL 
- 
- 
1.5 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
8 
80 
~A 


Open Drain Leakage (Vout=Vccl 
ILOD 
- 
8 
80 
~A 


Output Low Voltage. ILoad = 0.4 mA 
VOL 
- 
- 
0.5 
V 


Output High Voltage, ILoad= -50 
~ 
VOH 
2.3 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
4 
40 
~A 


Output Low Voltage, ILoad = 1.0 mA 
VOL 
- 
- 
0.5 
V 


Output Low Voltage, ILoad = '0 mA (Sink) 
VOL 
- 
- 
1.5 
V 


Output High Voltage, ILoad= -100 
~ 
VOH 
2.3 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
8 
80 
~A 


SYNCJI 
IL 
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4.0 


~ 
3.5 
~ 
z 
3.0i 2.5 
~ 2.0 
g 


$ 


1.5 


~ 


1.0 
j, 0.5 


0.0 
0 


~~ 
z -100 
I 


~ 
-200 
g 
~~ 
G -300 


""~ 


TYPICAL 
5.0 V 
25°C 
,.' 


~~ 
zi-100 
~~ 
2: -200 


2.5 
3.0 
3.5 
4.0 


VOH, HIGH·LEVEl OUTPUT VOLTAGE!VI 


; 
% 
~ 
-300 
~ 


Figure 
14. Typical 
VOH vs IOH 
for Ports 
A. C. and TIMER 


I 
TYPICAl / 
.... 


EXPECTED 
5.0 V 
25°1;.1' 
..' 
-- -M~X4~~5C 
~, 
V 
.' 
..' 
/ 
.' 
..' 


I 
./ 
" 
.' 
EXPECTED 
V 
..' 
MIN 4.5 V 
..' 
B5°C 
I 1/....' 
j 
.... 
J: .... 


10.5 V·l 
l mAl f 
M'" 
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The 
MC68704P2 
EPROM 
MCU 
device 
is only 
available 
in the 
28-pin 
ceramic 
dual-in-line 
(CERDIP) 
package. 
The 
following 
table 
provides 
information 
pertaining 
to the temperature 
and MC order 
numbers 
of the 
MC68704P2. 


••••• EXPECTED 


MIN 4.5 V 
B5°C 


100 
200 
300 
400 
500 
600 
700 
BOO 


VOL, LOW·LEVELOUTPUT VOLTAGEImV) 


Figure 
13. Typical 
VOL vs IOL 
for Ports 
A. C. and Timer 


1/ 
; 


12.3 V, -100"A1 
I 
-X 


EXPECTED - 
TYPICAL- - 
EXPECTED 
[ 
MIN 4.5 V 
5.0 V -; 


MAX 5.5 V 
85°C 
- 
25°C 
- 
- 40°C 


! 
!, 


Package Type 
Temperature 
Order Number 


Cerdip 
O'C to 70'C 
MC68704P2S 


IS Suffix) 
- 40'C to + 85'C 
MC68704P2CS 


Vss 
28 
RESET 


iRO 
21 
PAl 


VCC 
26 
PA6 


EXTAl 
4 
25 
PAS 


HAL 
24 
PA4 


MDS 
23 
PA3 


TIMER 
1 
22 
PA2 


PCD 
21 
PAl 


PCl 
20 
PAO 


PC2 
19 
P81 


PC3 
11 
18 
P86 


P8D 
11 
P6S 


PSI 
16 
P84 


PS2 
14 
15 
P83 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcontroller Unit 


MC68HC04J2 
HCMOS 
microcontroller 
unit 
(MCU) 
device 
is a member 
of the 
M6804 
Family 
of sin- 
gle-chip 
microcontrollers. 
This device 
displays 
all the versatility 
of an MCU 
whose 
design-ability 
to 
process 
8-bit 
variables 
one bit at a time 
already 
makes 
it tremendously 
cost 
effective. 
This technical 
summary 
contains 
limited 
information 
on the MC68HC04J2. 
For detailed 
informa- 
tion, 
refer to the advanced 
information 
data sheet 
for the MC68HC04J2, 
MC68HC04J3, 
and 
MC68HC04P3 
8-bit 
microcontrollers 
(MC68HC04J21D), 
or to the M6804 MeV Manual, DLE4041D. 
Major 
hardware 
and software 
features 
of the MC68HC04J2 
MCU 
are: 


• 
On-Chip 
Clock 
Generator 
• 
True 
Bit Manipulation 


• 
Memory 
Mapped 
I/O 
• 
Bit Test and Branch 
Instruction 


• 
Software 
Programmable 
8-Bit Timer 
with 
• 
368 Bytes 
Self-Check 
ROM 
7-Bit 
Prescaler 
• 
Conditional 
Branches 


• 
Single 
Instruction 
Memory 
Examine/ 
• 
Timer 
Pin is Software 
Programmable 
as 
Change 
Clock 
Input 
or Timer 
Output 


• 
72 Bytes 
of User 
Data ROM 
• 
1672 Bytes 
of User 
Program 
ROM 


• 
User Selectable 
Input 
Drive 
Options 
• 
30 Bytes 
of User 
RAM 


• 
Optional 
Pull Down 
Devices 
on I/O Ports 


• 
Mask 
Selectable 
Edge- or Level-Sensitive 
Interrupt 
Pin 


Accumulator 
A 
CPU 


Indirect 
Control 


PM 
Register 
X 
PBO 
Port 
PA5 
Indirect 
PBl 
A 
Port 
Data 
Register 
Port 
A 
Ojr. 
y 
PB2 
1/0 
CPU 
PB3 
B 
Lines PA6 
Reg. 
Reg. 
PB4 
I/O 
Stack 
PB5 
lines 
PA7 
PB6 
Program 
PB7 
Counter 
AlU 
High 
PCH 
1672 x8 
Program 
User Program ROM 
Counter 
Flags 
368x 8 
low 
PCl 
Self-CheckROM 


• 
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VDD AND 
VSS 


Power 
is supplied 
to the 
MCU 
using 
these 
two 
pins. 
VDD is power, 
and VSS is ground. 


IRQ 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
an external 
interrupt 
to the MCU. A pull-up 
resistor 
on this 
pin is a manufacturing 
mask 
option. 


EXTAL 
AND 
XTAL 


These 
pins 
provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
is connected 
to these 
pins 
to provide 
a system 
clock. 
Selection 
is made 
by a man- 
ufacturing 
mask option. 
The different 
clock generator 
op- 
tions 
are 
shown 
in 
Figure 
" 
along 
with 
crystal 
specifications. 


Internal Clock Options 


The crystal 
oscillator 
start-up 
time 
is a function 
of many 
variables. 
To ensure 
rapid 
oscillator 
start 
up, neither 
the 
crystal 
characteristics 
nor 
load 
capacitances 
should 
ex- 
ceed 
recommendations. 
When 
using 
the on-board 
oscil- 
lator, 
the 
MCU 
should 
remain 
in a reset condition, 
with 
the RESET pin voltage 
below 
VIRES +, until 
the oscillator 
has stabilized 
at its operating 
frequency. 


TIMER 


Two 
TIMER 
input 
modes 
as well 
as an output 
mode 
are available. 
In the 
input 
modes, 
the TIMER 
pin is con- 
figured 
as either 
a TIMER 
enable, 
or as the TIMER 
clock. 
In the 
output 
mode, 
the 
TIMER 
pin 
may 
generate 
tran- 
sitions 
upon 
each occurence 
of timer 
underflow. 


RESET 


The RESET pin is used to restart 
the processor 
to the 
beginning 
of a program. 
The program 
counter 
is loaded 
with 
the 
address 
of the 
restart 
vector. 
This 
should 
be a 


MC68HC04J2 
MC68HC04J2 


XTAL 
XTAL 
EXTAL 
5 
5 
4 
0 
I 
I 
I 


External Resistor 
Crystal 
Capacitor 


jump 
instruction 
to the first 
instruction 
of the 
main 
pro- 
gram. 
Together 
with 
the MDS pin, the RESET pin selects 
the operating 
mode 
of the MCU. A pullup 
resistor 
on this 
pin is a manufacturing 
mask 
option. 


MDS 


The mode 
select 
(MDS) pin places the MCU into special 
operating 
modes. 
When 
this 
pin is logic 
high 
at the exit 
of the 
reset 
state, 
the 
decoded 
state 
of PA6 and 
PA7 is 
latched 
to determine 
the operating 
mode. 
This choice 
can 
be either 
the single-chip, 
self-check, 
or ROM verify 
mode. 


However, 
if MDS is logic 
low at the end of the reset state, 


the single-chip 
operating 
mode 
is automatically 
selected. 


No 
external 
diodes, 
switches, 
transistors, 
etc. 
are 
re- 
quired 
for single-chip 
mode 
selection. 


INPUT/OUTPUT 
LINES (PA4·PA7, 
PBO·PB7) 


These 
12 lines are arranged 
into one 4-bit 
port 
(A) and 
one S-bit 
port 
(8). All 
lines 
are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data 
di- 
rection 
registers. 


INPUT/OUTPUT 
PROGRAMMING 


There 
are 
12 input/output 
pins. 
The 
12 bidirectional 
lines 
can be selected 
to have 
internal 
pulldowns 
at the 
time 
of manufacture. 
All pins of each port are programm- 
able 
as inputs 
or outputs 
under 
the 
control 
of the 
data 
direction 
registers 
(DDR). 


The port 
I/O programming 
is accomplished 
by writing 
the corresponding 
bit in the port 
DDR to a logic 
one for 
output, 
or a logic 
zero 
for 
input, 
as shown 
in Figure 
2. 


When 
the 
registers 
are 
programmed 
as 
outputs, 
the 
latched 
data 
is readable 
regardless 
of the logic 
levels 
at 
the output 
pin due to output 
loading. 


All 
the 
I/O pins 
are CMOS 
compatible 
as both 
inputs 
and 
outputs. 
Their 
standard 
configuration 
as outputs 
is 
three-state 
drive. 
Port 
B outputs 
are LED compatible. 
In 
addition, 
certain 
pins 
of 
both 
ports 
may 
be 
ordered 
equipped 
with 
pull 
down 
resistors. 


Crystal Parameters 
C, 
"""Gt:=r 
mc 
, 


Crystal Parameters 
AT - Cut Parallel Resonance Crystal 
Co ~ 7 pF Maximum 
Freq ~" 
MHz 
RS= 50 Ohms Maximum 


Clock 
NC to 
Input 
device pin 


Piezoelectric ceramic resonators which 
have the equivalent 
specifications 
may 
be used instead 
of crystal 
oscillators. 
Follow 
ceramic 
resonator 
manufactur- 
er's 
suggestions 
for 
CO' C" 
and 
RS 
values. 


Igure ,. ~ Ot 
~enera\or t)p\\ons ana trys\a\ ~arame\ers 
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Latched 
Output 
Oata Bit 


Data 
Direction Register 
Bit 


Data 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 
, 
0 
0 
0 
, 
, 
1 
1 
0 
X 
Hi-Z 
Pin 


Figure 
2. Typical 
1/0 Port 
Circuitry 


Any write 
to a port writes 
to all of its data bits even 
With regard to Port A only, the four LSB bits are unused. 


though 
the 
port 
DDR may be set to input. 
This can be 
They are "don't 
care" 
(Xl bits when 
written 
to, but are 
used as a tool 
to initialize 
the data registers 
and avoid 
always 
logic high when 
read. 


undefined 
outputs. However, care must be exercised when 
using 
read-modify-write 
instructions. 
The data read cor- 
responds 
to the pin level if the DDR is an input or to the 
latched 
output 
data when the DDR is an output. 


Pull 
Down 
Device 
Option 


The use of pull down 
devices on particular 
groupings 
of I/O ports is a manufacturing 
mask option 
available 
to 
the user. It is of use in applications 
where 
keyboards 
are 
interfaced 
directly 
to the MCU and similar 
situations. 
This 
option 
is available 
in the following 
configurations: 


1/0 Port 
Resistor-Option 
Pin Groupings 


Port A 
PM-PA7 


Port B 
PB3-PB7, PB4-PB7, PB1-PB2, PBO 


Port 
Data 
Registers 
($00, $01) 


The port data registers are not initialized on reset. These 
registers 
should 
be initialized 
before 
changing 
the DDR 
bits to avoid 
undefined 
levels. 
The source of data read from the port register 
is either 
the 
port 
I/O pin or previously 
latched 
output 
data. The 
source depends 
upon the contents 
of the corresponding 
DDR. The destination 
of data written 
to the 
port 
data 
register 
is an output 
data latch. If the corresponding 
DDR 
for the port I/O pin is programmed 
as an output, 
the data 
appears 
on the port pin. 


Port 
B ($01) 
4 
3 


Port 
Data 
Direction 
Registers 
($04, $05) 


Port DDRs configure 
the port pins as either outputs 
or 
inputs. 
Each port pin can be programmed 
individually 
to 
act as an input 
or an output. 
A zero in the pin's 
corre- 
sponding 
DDR bit programs 
it as an input. 
A logic 
one 
programs 
it as an output. 
On reset, all the DDRs are in- 
itialized 
to a logic zero state to put the ports in the input 
mode. 


Port 
A ($04) 


4 
3 


With 
regard 
to Port A DDR only, the four 
LSB bits are 
cleared after reset. These bits must not be set (logic one). 


The 
MCU 
memory 
map 
(Figure 
3). consists 
of 4352 
bytes of addressable 
memory, 
I/O register 
locations, 
and 
stack space. This MCU has three separate memory 
spaces; 


program 
space, data space, and stack space. 


The MCU is capable 
of addressing 
4096 bytes of pro- 
gram 
space memory 
with 
its program 
counter 
and 256 
bytes 
of (jolta space memory 
with 
its instructions. 
Pro- 
gram 
space memory 
includes 
self-check 
ROM, program 
ROM, self-check 
and user program 
vectors, 
and reserved 
memory 
locations. 
A non-accessible 
subroutine 
stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out 
(LIFO) 


MOTOROLA MICROPROCESSOR DATA 


3-357 


2719 
SA9F 


2720 
SAAO 


• 


Self-Check 
ROM 


(368 
Bytes) 


3087 
SCOF 


3088 
SC10 


4087 
SFF7 


4088 
Self-Check 
SFFB 


4089 
IRQ Vector 
SFF9 


4090 


Self-Check 
SFFA 


4091 
Restart 
Vector 
SFFB 


4092 
SFFC 


User 


4093 
IRQ Vector 


SFFD 


4094 
User 
SFFE 


Restart 
Vector 
4095 
SFFF 


Program 
Space 


Levell 


Level 
2 


Level 
3 


Level 
4 


Stack 
Space 


01 


021 


024 


15~I 
160 


Port A Data Register 


1 
Port B Data Register 


2 
Reserved 


3 
12 Bytes I 


Port A DDR 


Port B DDR 


Reserved 


13 Bytesl 


Timer 
Status 
Control 
Register 


0 
Low Byte CRC 


1 
HIgh Byte CRC 


2~l- 
Reserved 
-I..... 
SOC 
1S17 
S1B 


f" 


SAO 


'r- 
.;;... 


193 Bytes) 


2 
S 


Prescaler 
Register 
S 


Timer Count Register 
S 


Accumulator 
S 
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register. 
This 
register 
is used with 
inherent 
addressing 


to stack the return 
address 
for subroutines. 
Indirect 
X and 
Y register 
locations 
$80 and 
$81 are 


generally 
used as pointers 
for such tasks as indirect 
ad- 


dressing 
to data space locations. 
Short direct addressing 


allows 
access to the four 
data space addresses 
$80-$83 


with 
single 
byte 
opcodes. 
The operations 
allowed 
are 
increment, 
decrement, 
load, 
and 
store. 
Data space 
lo- 
cations 
$82 and $83 can be used for 8-bit counter 
loca- 


tions. 


Program 
ROM Protect 


A manufacturing 
mask option 
available 
to the user en- 
ables program 
ROM protection. 
Enabled, this option 
pre- 


vents 
the ROM contents 
from 
being 
output 
during 
self- 
check/ROM 
verify. 
This option 
does not prevent 
a go, no- 
go test of the ROM contents 
using the ROM verify 
mode. 


ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
8-bit 
register 


used to hold 
operands 
and results 
of arithmetic 
calcu- 


lations 
or data manipulations. 


o 


~ 
A 
I 


INDIRECT 
REGISTERS 
(X,V) 


These two 
registers 
are used to maintain 
pointers 
to 
other 
memory 
locations 
in data space. They are used in 
the 
register-indirect 
addressing 
mode 
and 
can 
be ac- 
cessed 
with 
the direct, 
indirect, 
short 
direct, 
or bit set! 


clear modes. 


o 
========x========1 
o 
=========y========1 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 12-bit register 
that contains 


the address 
of the next byte to be fetched 
from 
program 


space. The program 
counter 
is contained 
in low byte (PCL) 
and high nibble 
(PCH). 


11 
8 
7 
0 


PCH 
I 
PCl 
I 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 


out of the arithmetic 
logic 
unit 
(ALU). It is cleared 
if the 


arithmetic 
operation 
does not result in a carry or borrow. 


The C bit is also set to the value of the bit tested 
in a bit 


test 
instruction. 
It participates 
in the 
rotate 
left (ROLA) 


instruction, 
as well. 


The second 
flag, the zero (2) bit, is set if the result 
of 
the last arithmetic 
or logic operation 
was equal to zero. 


OtherWise, 
It IS cteareu. 
OIL l(;;~llll.>U 
•..••..• 
~'•.•.•••...•.••..,,_._ 


the 2 bit. 


NORMAL 
AND INTERRUPT 
FLAGS 


There are two sets of these flags. One set is for interrupt 
processing 
(the interrupt 
mode flags). The other set is for 
normal 
operations 
(the program 
mode 
flags). 
When 
an 


interrupt 
occurs, 
a context 
switch 
is made from 
the pro- 
gram flags to the interrupt 
flags. An RTI forces the context 
switch 
back. While 
in either 
mode, 
only the flags for that 
mode are available. 
A context 
switch 
does not affect the 
value of the C or 2 bits. Both sets of flags 
are cleared 
by 


RESET. 


STACK 
• 


A last-in-first-out 
(LIFO) stack is incorporated 
in the MCU 


that 
eliminates 
the 
need for 
a stack 
pointer. 
This 
non- 
accessible 
subroutine 
stack space is implemented 
in sep- 


arate RAM, 
12-bits wide. 
Whenever 
a subroutine 
call or 


interrupt 
occurs, 
the contents 
of the PC are shifted 
into 
the top 
register 
of the stack. At the same time, 
the top 
register 
is shifted 
one level deeper. 
This happens 
to all 


registers, 
with the bottom 
register 
falling 
out of the stack. 


Whenever 
a return from subroutine 
or interrupt 
occurs, 


the top 
register 
is shifted 
into the PC and all lower 
reg- 


isters are shifted 
one level higher. 
The stack RAM is four 
levels 
deep. 
If the stack is pulled 
more 
than 
four 
times 


with 
no pushes, then the address 
that was stored 
in the 
bottom 
level of the stack is shifted 
into the PC. 


CRC REGISTERS 


Two 8-bit 
registers 
are implemented 
in RAM primarily 
as self-check 
and ROM verify 
modes. 
The two 
registers 
are memory 
mapped 
in data space at addresses 
$OA (CRC 
lowl, 
and $OB (CRC highl. 


Provided no write or read/modify/write 
operation 
is used 
to change 
the contents 
of these two 
locations, 
the 
reg- 
isters are configured 
to perform 
CRC calculations. 
By sim- 


ply reading 
a register, 
a pseudo-random 
number 
can be 
generated. 


If a write 
or a read/modify/write 
is performed 
on ad- 
dresses 
$OA or $OB, then 
the CRC circuitry 
is disabled. 


Both 
registers 
can be used as RAM 
locations 
until 
the 
next RESET. RESET enables 
the CRC Circuitry 
again. 


The MCU implements 
two forms 
of internal 
check, self 


check and ROM verify. 
Self check performs 
an extensive 


functional 
check of the MCU using 
a signature 
analysis 


technique. 
ROM verify 
uses a similar 
method 
to check 
the contents 
of program 
ROM. 
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• 


Self-check 
mode 
is selected 
by holding 
the MDS and 
PA7 pins 
logic 
high, 
and PA6 logic 
low 
as RESET goes 
low to high. ROM verify mode is entered 
by holding 
MDS, 


PA7, and 
PA6 logic 
high 
as RESET goes 
low 
to 
high. 


Unimplemented 
program 
space ROM locations 
are also 
tested. 
Monitoring 
the self-check 
mode's 
stages for suc- 
cessful 
completion 
requires 
external 
circuitry. 


The MCU can be reset by initial 
power 
up or by external 
reset input 
(RESET). 


POWER-ON·RESET (paR) 


During 
a power-on-reset, 
the timer 
is used 
to count 
1920 external 
clock cycles. 
This allows 
the oscillator 
to 
stabilize 
before 
releasing 
the internal 
reset, irrespective 
of the state of the RESET pin. If the RESET pin is low at 
the end of the delay, 
the processor 
remains 
in the reset 
condition. 


RESET 


A reset can also be achieved 
by pulling 
the RESET pin 
to logic low for a minimum 
of two clock cycles. The delay 
is not implemented 
in this case. 


There 
are two 
ways 
this 
MCU can be interrupted; 
by 
applying 
a logic low signal to the IRQ pin, or by a positive 
transition 
of the TMZ 
bit of TSCR with 
the 
ETI bit set. 


However, 
a manufacturing 
mask 
option 
determines 
whether 
the falling 
edge 
or the 
actual 
low 
level 
of the 
IRQ pin is sensed to indicate 
an interrupt. 


EXTERNAL INTERRUPT EDGE-SENSITIVE OPTION 


When 
the IRQ pin is pulled 
low, the internal 
interrupt 
request 
latch 
is set. Prior to each instruction 
fetch, 
this 
interrupt 
request 
latch 
is tested. 
If its output 
is low, 
an 


interrupt 
sequence 
is initiated 
at the end of the current 
instruction, 
provided 
the interrupt 
mask is cleared. 
Figure 
5 contains 
a flowchart 
that 
illustrates 
the 
interrupt 
and 
instruction 
processing 
sequences. 


The interrupt 
sequence 
consists 
of one cycle 
during 
which: 


The interrupt 
request 
latch is cleared; 


The interrupt 
mode flags 
are selected; 


The program 
counter 
(PC) is saved on the stack; 


The interrupt 
mask is set; and 


The IRQ vector 
jump 
address 
is loaded 
into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 


chip 
mode 
and $FF8-$FF9 in the 
self-check 
mode. 
The 


contents 
of these locations 
are not decoded 
as an address 
to which 
the PC should 
jump. 
Instead, 
they are decoded 
like any other ROM word. 
So, it is essential 
that the vector 
contents 
specify a JMP instruction 
in addition 
to the start- 
ing address 
of the interrupt 
service 
routine. 
If required, 


this 
routine 
should 
save the values 
of the accumulator 
and the 
X and Y registers, 
since 
these 
values 
are not 
stored 
on the stack. 


Internal 
processing 
of the 
interrupt 
continues 
until 
a 
return from 
interrupt 
(RTI) instruction 
is processed. 
Dur- 
ing RTI the 
interrupt 
mask 
is cleared 
and the 
program 
mode flags are selected. 
The next instruction 
of the pro- 
gram 
is then fetched 
and executed. 
When STOP is processed, 
the interrupt 
mask is cleared 
and the 
oscillator 
stopped. 
Checks are made 
for either 
REST or IRQ. If RESET is detected, 
the RESET sequence 


is initiated. 
If IRQ is detected, 
the 
system 
oscillator 
is 
enabled 
along 
with 
the clock. 
In both 
cases, a delay 
is 


executed 
by the timer 
to allow 
oscillator 
stabilization 
be- 


fore the CPU is enabled 
and the interrupt 
serviced. 


When WAIT is processed, 
the interrupt 
mask is cleared 
and the CPU clock disabled. 
The interrupt 
latch is tested. 


Detection 
of RESET initiates 
the RESET sequence. 
Detec- 


tion of IRQ or timer 
interrupt 
enables 
the CPU clock and 
initiates 
servicing 
of the interrupts. 


When 
RTI is processed, 
the program 
counter 
is pulled 
from 
the stack. The program 
flags 
are selected 
and the 


interrupt 
mask cleared. 
The interrupt 
latch is then tested 
before 
the next instruction. 


When 
the 
interrupt 
was 
initially 
detected 
and the 
in- 


terrupt 
sequence 
started, 
the interrupt 
request 
latch was 
cleared so that the next interrupt 
could 
be detected. 
This 
was done even as the first 
interrupt 
was being serviced. 


However, 
even though 
the second 
interrupt 
set the 
in- 
terrupt 
request 
latch during 
the first 
interrupt's 
process- 
ing, the second 
interrupt's 
sequence 
cannot 
begin 
until 
completion 
of the 
interrupt 
service 
routine 
for the first 
interrupt. 
Completion 
of an interrupt 
service 
routine 
is 
always 
accomplished 
using 
an RTI instruction 
to return 
to the main 
program. 
The interrupt 
mask, which 
is not 
directly 
available 
to the 
programmer, 
is cleared 
during 
the last cycle of the RTI instruction. 


EXTERNAL INTERRUPT EDGE/LEVEL-SENSITIVE 
OPTION 


The edge/level-sensitive 
option 
performs 
as described 
in the preceding 
section 
but adds the potential 
for level- 
sensitive 
operation. 
Level-sensitive 
operation 
tests 
the 
state of the IRQ and initiates 
and interrupt 
service routine 
if the IRQ pin is found 
to be logic 
low. 
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Timer Interrupt 
Request Flow 


POWER 
UP AND TIMING 


During 
the power 
up sequence, 
the interrupt 
mask is 
closed. This precludes 
any false interrupts. 
The PC is also 
loaded with 
the appropriate 
restart vector 
(jump 
instruc- 
tion). 


To open the interrupt 
mask, the user should 
do a JSR 
to an initialization 
subroutine 
that ends with 
an RTI in- 


stead of an RTS. The RTI opens the interrupt 
mask. Typ- 


ical RESET and IRQ processes 
and their 
relationship 
to 
the interrupt 
mask are shown 
in Figure 7. 


Maximum 
interrupt 
response 
time 
is eight 
machine 
cycles. This includes five cycles forthe 
longest instruction 
plus one for stacking 
the PC and switch~flags. 
Two 
additional 
cycles are used to synchronize 
IRQ input with 
the internal 
machine 
cycle frequency. 


TIMER 
INTERRUPT 


A timer 
interrupt 
is requested 
by a transition 
of the 
TMZ bit of the timer 
status/control 
register 
(TSCR) from 
logic 
low 
to high. 
Such 
a positive 
transition 
is caused 
either 
by the timer 
count 
register 
reaching 
the all zero 


state, or by any program 
instruction 
that writes 
a one to 
the TMZ bit. 


The timer 
interrupt 
request 
is maskable 
by clearing 
bit 
6 of the TSCR (ETI bit). ETI is cleared 
by RESET. 


During 
the interrupt 
routine, 
to determine 
whether 
an 
interrupt 
was caused externally 
or by the timer, 
it is nec- 
essary to test the state of the TMZ bit in the TSCR. 


It is important 
to service a timer 
interrupt 
and clear the 
TMZ bit before 
the timer 
counter 
underflows 
again. Oth- 
erwise, 
because 
only 
a single 
interrupt 
can be latched, 
there is no way of telling 
how many timer interrupts 
occur 
while 
the original 
interrupt 
is being 
serviced. 


STOP 


The STOP instruction 
places the MCU in its lowest power 
consumption 
mode. 
In the STOP mode, 
the internal 
os- 


cillator 
is turned 
off, causing 
all internal 
processing 
and 
the 
timer 
to 
be 
halted. 
Current 
consumption 
is thus 
dropped 
to leakage 
levels. 


• 
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OscIllator 
Active 
T,mer Clock Enable 
CPU Clock D,sable 
SOO- DDR's 
Preset Timer 


CPU Clock Enable 
$00- 
DDR's 
Sell 
Mask 
Clear IRQ Lalch 
SFF - 
TCR 
$00- 
TSCR 


Select Prgm Flags 


Load Resel Veclor 
InloPC 


Un.lack 
PC 
Clear I Mask 
Select Prgm Flags 


Oscilialor 
Active 
Timer Clock Enable 
CPU Clock D,sable 
Preset 
Timer 


IRQ 
Recognized 


IRQ 
Service 
Routine 


Interrupt 


Mask 
Closed 


INIT 
Initialization 
Subroutine 


Mask 
Open 


Interrupt 


Mask 
Closed 


Mask 
Open 


Providing 
the supply 
voltage 
remains 
within 
data sheet 


limits, 
the contents 
of the TSCR, accumulator, 
and all data 
space 
RAM 
remain 
unchanged 
in STOP mode. 
Causing 
an interrupt 
or reset 
by pulling 
the RESET or 


IRQ pins 
low 
is the only 
way 
to bring 
the 
processor 
out 
of STOP mode. 
During 
this 
exit from 
STOP, the timer 
is 
used to provide 
the delay time necessary 
for the oscillator 


to 
stabilize. 
So, the 
prescaler 
and 
timer 
count 
register 


contents 
must 
be considered 
corrupted. 


WAIT 


The WAIT 
instruction 
places 
the MCU 
in a low 
power 


consumption 
mode, 
but 
the 
WAIT 
mode 
consumes 


somewhat 
more 
power 
than the STOP mode. 
In the WAIT 
mode, 
the internal 
clock 
is disabled 
from 
all internal 
cir- 


cuitry 
except 
for the timer. 
So, all internal 
processing 
is 
halted. 
However, 
the timer 
continues 
to decrement 
nor- 


mally 
if the PSI bit of TSCR is set. 


During 
the WAIT 
mode, 
external 
interrupts 
are enabled. 


All other 
registers, 
memory, 
and 1,0 lines 
remain 
in their 


last state. PUlling the IRQ or RESET pin to logic low causes 
an exit from 
the WAIT 
mode. 
In addition, 
ETI bit of TSCR 


can be enabled 
by software 
prior 
to entering 
the 
WAIT 
state. This allows 
an exit from 
WAIT 
via a timer 
interrupt 
as well 
as via external 
interrupts. 


II 
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PSI 
TOUT 


Timer Status 


Timer Pin 
TOUT 
DOUT 
Timer Mode 


SYNC 
Input 
0 
0 
Event Counter 


0 
1 
Input Gated Mode 


Output 
0 
Output 


1 


A block diagram 
of the MC68HC04J2 
timer 
circuitry 
is 


shown 
in Figure 
8. The timer 
logic 
in the MCU is com- 


prised 
of a simple 
8-bit counter 
called the timer 
counter. 
This counter 
is decremented 
by a 7-bit prescaler 
at a rate 


determined 
by the timer 
status/control 
register 
(TSCR). 


PRESCALER 


The prescaler 
is a 7-bit counter 
used to extend the max- 
imum 
interval 
of the overall 
timer. This counter 
is clocked 


by a signal 
from 
the TIMER pin or by the internal 
sync 


pulse. 
It divides 
the frequency 
received 
by some 
factor 


to create 
the 
prescaler 
output. 
The factor 
by which 
the 


TIMER 
pin signal 
is divided 
is called 
the 
prescaler 
tap. 
The value of this tap is selected 
by three bits of the TSCR 
(PSO-PS2). These bits control 
the division 
of the prescaler 
input 
within 
the range of divide-by-20, 
to divide-by-27 


TIMER 
COUNTER 


The timer 
counter, 
which 
may be read or loaded under 
program 
control, 
is decremented 
from 
a maximum 
value 


of 256 toward 
zero by the prescaler 
output. 
80th are dec- 


remented 
on rising 
clock edges. 


The 
prescaler 
register 
and 
timer 
count 
register 
are 


readable 
and writeabfe. 
A write 
to either 
one will 
take 


precedence 
over 
the 
normal 
counter 
function. 
For ex- 


ample, 
if a value 
is written 
to the timer 
count 
register, 


and this write 
and a decrement-to-zero"Occur 
at the same 


time, the write takes precedence 
and TSCR bit one (TMZ) 


is not set until the next timer 
time out. 


TIMER 
PIN 
The TIMER pin may be programmed 
as either an input 


or an output. 
Its status 
depends 
on the value 
of TSCR 


bits 4 (DOUT) 
and 5 (TOUT). Two 
distinct 
input 
modes 
exist; 
input 
gated 
mode 
and input 
event counter 
mode. 


This relationship 
is shown 
in the TIMER pin status section 


of Figure 
8. The frequency 
of the internal 
clock applied 
to the TIMER pin must 
be less than 
tbyte, 
which 
is the 
frequency 
of the oscillator 
divided 
by either 
12, 24, or 48. 


Whether 
fosc is divided 
by 12, 24, or 48 is determined 
by 


the clock divide 
ratio, which 
is selected 
by the manufac- 


turing 
mask. 


TIMER 
INPUT 
EVENT 
COUNTER 
MODE 


In the timer 
input event counter 
mode, both TOUT and 


DOUT are logic 
zero. The TIMER 
pin is effectively 
con- 
nected directly 
to prescaler 
input. 
So. the timer/prescaler 


is clocked 
by the signal 
applied 
from 
the TIMER pin. 


TIMER 
INPUT 
GATED 
MODE 
In the input gated mode, TOUT is logic zero and DOUT 


is logic one. The timer 
pin is an input which 
decrements 


the prescaler 
each machine 
cycle as long as timer 
pin is 


logic 
high. When the pin is logic 
low, counting 
is inhib- 


ited. This 
mode 
permits 
the 
counting 
of the 
period 
of 
time 
during 
which 
the timer 
pin is logic 
high, 
based 
on 
the 
system 
clock 
and 
prescaler 
values. 
Gate times 
are 
fosc/12, 
fosc/24, 
and fosc/48. 
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TIMER 
OUTPUT 
MODE 


In the output 
mode, 
TOUT 
is logic 
one and the TIMER 
pin is connected 
to the 
DOUT 
latch. 
So, the timer 
pres- 
caler 
is clocked 
by the internal 
sync 
pulse. 
This 
pulse 
is 
a divide-by-12, 
24, or 
48 of 
the 
internal 
oscillator 
de- 
pending 
on the mask option. 
However, 
in the output 
mode, 
once 
the 
prescaler 
decrements 
the timer 
count 
register 
to zero, the low TSCR bit 1 (TMZ) bit state is used to drive 
the 
data 
latched 
at TSCR bit 4 (DOUT), 
onto 
the TIMER 
pin. 


NOTE 


TMZ 
is normally 
set to 
logic 
one 
when 
TCR dec- 


rements 
to zero and the timer 
times 
out. 
However, 


it may 
be set by a write 
of $00 to TCR or by a write 
to bit 7 of TSCR. 


TIMER 
COUNT 
REGISTER 
($FE) 


The timer 
count 
register 
reflects 
the 
current 
count 
in 
the internal 
B-bit counter. 
The register 
is the counter 
and 
can be written. 


7 


I MSB 


TMZ - 
Timer 
Zero 
1 = Timer 
count 
register 
has 
reached 
the 
all-zero 
state 
since 
the last time 
the TMZ 
bit was 
read. 


0= This bit is cleared 
by a read of the TSCR if TMZ 
is read as logic 
one. 


ETI - 
Enable 
Timer 
Interrupt 
1 =Timer 
interrupt 
enabled 
O=Timer 
interrupt 
disabled 
TOUT - 
Timer 
Output 
1 =Output 
mode 
is selected 
for the timer. 
0= Input 
modes 
are selected 
for the timer. 


DOUT - 
Data Output 
In the output 
mode, 
latched 
data at this 
bit is sent to 
the 
TIMER 
pin 
when 
both 
the 
TMZ 
and 
TOUT 
bits 
are logic 
high. 
In the input 
mode: 
1 = Timer 
input 
gated 
mode 
is selected. 
_ 
0 = Timer 
input 
event 
counter 
mode 
is selected. 
PSI - 
Prescaler 
Initialization 
1 = Prescaler 
begins 
to decrement. 


0= Prescaler 
is initialized 
and counting 
is inhibited. 


PSO-PS2 
These 
bits are used to select the prescaler 
tap. The 
coding 
of the bits 
is shown 
below: 


PS2 
PS1 
PSG 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


It is recommended 
that 
MVI 
or 
loading 
and 
storing 
instructions 
be 
used 
when 
changing 
bit 
values 
in the 
TSCR. Read-modify-write 
instructions 
can cause the TMZ 
to assume 
an unexpected 
state. 
During 
reset, 
the TSCR is set to all zeroes. 
The TIMER 
pin 
is in the 
high 
impedance 
input 
mode; 
and 
DOUT 
LATCH 
is forced 
to a logic 
high. 
At the same 
time, 
PSO- 
PS2 coding 
sets the 
prescaler 
tap 
at divide-by-one, 
and 
bit 3 initializes 
the prescaler. 


TIMER 
PRESCALER 
REGISTER 
($FD) 


The timer 
prescaler 
register 
reflects 
the current 
count 
of the 7-bit prescaler. 
This register 
is the prescaler 
counter 
and can be written. 


6 


I 
MS8 
LS8 


RESET: 


1 


The MCU 
has a set of 42 basic 
instructions. 
They 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and controL 
The 
following 
paragraphs 
briefly 
explain 
each type. 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the 
modified 
value 
back to memory 
or to the register. 
AIlINC 
and DEC 
forms 
along 
with 
all bit manipulation 
instructions 
use this 
method. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment Memory 
Location 
INC 


Increment A 
INCA 


Increment XP 
INCX 


Increment YP 
INCY 


Decrement Memory 
Location 
DEC 


Decrement A 
DECA 


Decrement XP 
DECX 


Decrement YP 
DECY 


• 
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REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 


erand 
is the 
accumulator; 
the 
other 
is obtained 
from 
memory 
using one of the addressing 
modes. Refer to the 


following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LOA 


Load XP from Memory 
LOX 


Load YP from Memory 
LDY 


Store A in Memory 
STA 


Add to A 
ADD 


Subtract from A 
SUB 


AND Memory to A 
AND 


Transfer A to XP 
TAX 


Transfer A to YP 
TAY 


Transfer YP to A 
TYA 


Transfer XP to A 
TPA 


Clear A 
CLRA 


Clear XP 
CLRX 


Clear YP 
CLRY 


Arithmetic 
Compare with Memory 
CMP 


Move Immediate 
Value to Memory 
MVI 


Arithmetic 
Left Shift of A 
ASLA 


Complement 
A 
COMA 


Rotate A Left and Carry 
ROLA 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 


tion is met; otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte instructions. 
Refer to the fol- 
lowing 
list of instructions. 


Function 
Mnemonic 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
IBHS) 


Branch if Carry Set 
BCS 


Branch if Lower 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting or clearing 
any bit which 


resides 
in the 256 bytes of the memory 
space, where 
all 
port 
registers, 
port 
OORs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An additional 
feature 
allows 
the soft- 


ware 
to test and branch 
on the state of any bit within 
these 256 locations. 
The bit set, bit clear, and bit test and 
branch 
functions 
are all implemented 
with 
a single 
in- 
struction. 
For the test and branch 
instructions, 
the value 
of the 
bit tested 
is also 
placed 
in the carry 
bit of the 
condition 
code register. 
Refer to the following 
list of in- 
structions. 


Function 
Mnemonic 


Branch If Bit n is Set 
BRSET n(n ~ 0 . .. 7) 


Branch If Bit n is Clear 
BRCLR n(n = 0 . .. 7) 


Set Bit n 
BSET nln =0 . .. 71 


Clear Bit n 
BCLR n(n=O ... 
71 


CONTROL 
INSTRUCTIONS 


These instructions 
are used to control 
processor 
op- 
eration 
during 
program 
execution. 
The jump 
conditional 


(JMP) and jump to subroutine 
(JSR) instructions 
have no 


register 
operand. 
Refer to the following 
list of instruc- 


tions. 


Function 
Mnemonic 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


No Operation 
NOP 


Jump to Subroutine 
JSR 


Jump Unconditional 
JMP 


IMPLIED 
INSTRUCTIONS 


Since the accumulator 
and all other 
registers 
are lo- 
cated in RAM, many implied 
instructions 
exist. Some of 


the instructions 
recognized 
and translated 
by the assem- 


bler are shown 
below: 


Mnemonic 
Becomes 
Mnemonic 
Becomes 


ASLA 
ADD $FF 
INCX 
INC $80 


BHS 
BCC 
INCY 
INC $81 


BLO 
BCS 
LOXI 
MVI $80 DATA 


CLRA 
SUB $FF 
LDYI 
MVI $81 DATA 


CLRX 
MVI $80 #0 
NOP 
BED (PCI + 1 


CLRY 
MVI $81 #0 
TAX 
STA $80 


DECA 
DEC $FF 
TAY 
STA $81 


DECX 
DEC $80 
TXA 
LOA $80 


DECY 
DEC $81 
TYA 
LOA $81 


INCA 
INC $FF 


Some 
examples 
of valuable 
instructions 
not 
specifi- 
cally recognized 
by the assembler 
are shown 
below: 


Mnemonic 
Meaning 


BCLR 7,$FF 
Ensures A is plus 


BSET 7, $FF 
Ensures 
A is minus 


BRCLR 7, $FF 
Branch if A is plus 


BRSET 7, $FF 
Branch if A is minus 


BRCLR 7, $80 
Branch if X is plus (BXPLI 


BRSET 7, $80 
Branch if X is minus IBXMI) 


BRCLR 7, $81 
Branch if Y is plus IBYPLI 


BRSET 7, $81 
Branch if Y is minus IBYMI) 
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OPCODE 
MAP 


Table 
1 is a listing 
of all the instruction 
set opcodes 
applicable 
to the MC68HC04J2 
MCU. 


The MCU has nine different 
addressing 
modes to pro- 


vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
It deals with 
objects 
in three 
dif- 
ferent 
address 
spaces: 
program 
space, data space, and 
stack space. The term "effective 
address" 
(EA) is used in 
describing 
the various 
addressing 
modes. 
Effective 
ad- 
dress is defined 
as the address from which the argument 
for an instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is lo- 


cated 
in program 
ROM. It is contained 
in the byte im- 
mediatelY 
following 
the 
opcode. 
The 
immediate 
addressing 
mode is used to access constants 
that do not 
change 
during 
program 
execution, 
such as a constant 
used to initialize 
a loop counter. 


DIRECT 


In the direct addressing 
mode, the effective 
address of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows the user to directly 
address the 256 bytes in memory 
with a single two-byte 
instruction. 


SHORT 
DIRECT 


In the short direct addressing 
mode, the MCU has four 


locations 
in data space RAM it can use, ($80, $81, $82, 


and $83). The opcode 
determines 
the data space RAM 
location, 
and the instruction 
is only one byte. Short direct 
addressing 
is a subset 
of the direct 
addressing 
mode. 
The X and Y registers 
are at locations 
$80 and $81, re- 
spectively. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is obtained 
by concatenating 
the four 
least-significant 
bits of the opcode with the byte following 
the opcode 
to form 
a 12-bit address. 
Instructions 
using 
the extended 
addressing 
mode, such as JMP or JSR, are 
capable 
of branching 
anywhere 
in program 
space. An 
extended 
addressing 
mode instruction 
is two bytes long. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in condi- 
tional 
branch instructions. 
In relative addressing, 
the con- 
tents 
of the 8-bit 
signed 
byte (the offset) 
following 
the 


opcode 
is added 
to the 
PC if, and only 
if, the 
branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the 
next instruction. 
The span of relative 
addressing 
is from 


-15 
to + 16 from 
the opcode 
address. 
The programmer 


need not calculate 
the offset 
when 
using 
the 
Motorola 
assembler, 
since it calculates the proper offset and checks 
to see that it is within 
the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte in which 
the specified 
bit is to be set or cleared. 
Thus, any bit in 


the 256 locations 
of data space memory 
that can be writ- 
ten to can be set or cleared 
with 
a single 
two-byte 
in- 
struction. 


CAUTION 


The corresponding 
DDRs for ports A and Bare write- 
only 
registers 
(registers 
at $04 and $05). A read 
operation 
on these 
registers 
is undefined. 
Since 


BSET and 
BCLR are read-modify-write 
functions, 


they cannot 
be used to set or clear a DDR bit; 
all 
"unaffected" 
bits would 
be set. Write 
all DDR bits 
in a port using 
a single-store 
instruction. 


BIT TEST AND 
BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct addressing 
and relative 
addressing. 
The 
bit that 
is to be tested 
and its condition 
(set or clear) is 
included 
in the opcode. 
The data space address 
of the 
byte to be tested 
is in the single 
byte immediately 
fol- 


lowing 
the opcode 
byte. The third 
byte is sign extended 


to twelve 
bits and becomes 
the offset added to the PC if 
the condition 
is true. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of 
any readable bit in the 256 locations 
of memory. 
The span 
of branching 
is from 
-125 
to 
+ 130 from 
the 
opcode 
address. The state of the tested 
bit is also transferred 
to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect 
addressing 
mode, the operand 
is at the address in data space pointed 
to by the contents 
of one of the 
indirect 
registers, 
X or Y. The particular 
indirect 
register 
is selected 
by bit 4 of the opcode. 
Bit 4 
decodes 
into an address that represents 
the register, 
$80 
or $81. A register-indirect 
instruction 
is one byte long. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 


necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
These instructions 
are one byte long. 
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For 
most 
applications 
PPORT<P,NT 
and 
can 
be 
ne- 
glecteJ. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Darlington 
bases 
or sink 
LED loads. 


An 
approximate 
relationship 
between 
PD and 
Tj 
(if 
PPORT is neglected) 
is: 


PD=K-;-(Tj+273°C) 
(2) 
Solving 
equations 
(1) and (2) for 
K gives: 


K = PD 
0 (TA + 273°C) + 8jNPD2 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K can be determined 
from 
equation 
(3) by measuring 
PD 
(at equilibrium) 
for 
a known 
TA Using 
this 
value 
of K, 


the values 
of PD and Tj can be obtained 
by solving 
equa- 
tions 
(1) and 
(2) iteratively 
for any value 
of TA. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VOO 
-0.3 
to +7.0 
V 


Input Voltage 
Vin 
VSS-0.3 
to 
V 
VOO+0.3 


Current drain per pin 
I 
10 
mA 
Excluding VOO and VSS 


Total current for 
sink 
I 
30 
mA 
Ports A, B, C EXTAL, TIM 
source 
I 
15 


Operating Temperature 
Range (Comm.) 
TA 
o to 70 
°c 


Operating Temperature 
Range (Ind.) 
TA 
-40 
to +85 
°c 


Storage Temperature 
Range 
Tsto 
-55 
to +150 
·C 


Junction 
Temperature 
TJ 
·C 
Plastic 
150 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
6JA 
·CIW 
Plastic 
70 


The 
average 
chip-junction 
temperature, 
Tj, 
in °c can 
be obtained 
from: 
Tj=TA+(PD08jA) 
(1) 
where: 


TA 
8jA 


PD 


P'NT 
PPORT 


= Ambient 
Temperature, 
°c 


= Package 
Thermal 
Resistance, 


junction-to-Ambient, 
°CIW 


= PINT+PPORT 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Dissipation, 
Watts 
- 
User 
Determined 


Pin 
Under 
Test 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields. However, it is advised that nor- 
mal precautions be taken to avoid applications 
of 
any voltage higher than maximum-rated 
voltages 
to this high-impedance 
circuit. 
For proper oper- 
ation it is recommended 
that Vin and Vout be con- 


strained to the range VSS""IVin)""VOO. 
Reliability 
of operation 
is enhanced if unused inputs except 
EXTAL are connected to an appropriate 
logic volt- 
age level (e.g., either VSS or Vccl· 


Voo= 
+4.5V 


IOL/IOH=800 
flA 
RL= RH=4.6 kn 


VOO= +2.7V 


IOL/'OH = 200 flA 
RL~RH=10.5 
kn 


VOO= +2.0V 


IOL/IOH = 100 flA 
RL= RH~ 16 kn 


• 
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II 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


(VOO= +5 Vdc ±10%, VSS=O 
Vdc; TA=O°C to 70°C 


Oscillator 
Frequency 
fose 
0 
- 
11.0 
MHz 


PHil Clock Frequency 
fCl 
0 
- 
5.5 
MHz 


Cycle Time (Min) 
teve 
2.2 
- 
- 
ILs 


IRQ Pulse Width 
tlWl 
2xteve 
- 
- 
ILS 


RESET Pulse Width 
RWl 
2 xteve 
- 
- 
ILS 


Oscillator Clock Pulse Width 
tal, 
tOH 
45 
- 
- 
ns 


VOO= +3 Vdc ±10%, VSS=O Vdc, TA=O°C to 70°C 


Oscillator 
Frequency 
fose 
- 
- 
11.0 
MHz 


PHil Clock Frequency 
fCl 
- 
- 
4.2 
MHz 


Cycle Time (Min) 
tevc 
2.9 
- 
- 
ILs 


IRQ Pulse Width 
tlWl 
2 x teve 
- 
- 
ILS 


RESET Pulse Width 
tRWl 
2 x teve 
- 
- 
ILS 


Oscillator Clock Pulse Width 
tOl,tOH 
45 
- 
- 
ns 


VOO= +2.2 Vdc ±10%, VSS=O Vdc, TA=O°C to 70°C 


Oscillator 
Frequency 
fose 
0 
- 
8.4 
MHz 


PHil Clock Frequency 
fCl 
0 
- 
2.1 
MHz 


Cycle Time (Min) 
teve 
5.7 
- 
- 
ILs 


IRQ Pulse Width 
tlWl 
2 x teve 
- 
- 
ILS 


RESET Pulse Width 
tRWl 
2xtcve 
- 
- 
ILS 


Oscillator Clock Pulse Width 
tOl,tOH 
45 
- 
- 
ns 


10,000 


1000 


« 
« 
.:': 
.:': 


0 100 
0 
.9 
.9 


10 
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Characteristic 
Symbol 
Min 
Typ 
I 
Max 
Unit 


VOO= +5 Vdc ±10%, VSS=O Vdc, TA=O°C to 70° C 


Output Voltage, ILoad(10.0 fLA 
VOL 
- 
- 
0.1 
V 


VOH 
VOO-0.1 
- 
- 


Output High Voltage, ILoad ~ + 800 fLA) 
Ports, TIM 
VOH 
VOO-O.4 
- 
- 
V 


Output Low Voltage, ILoad~ 
+800 fLA) 
Ports, TIM 
VOL 
- 
- 
0.4 


Input High Voltage 
Ports, TIM, XTAL, MOS 
VIH 
0.7xVOO 
- 
VOO 
V 
IRQ, RESET 
VIH 
0.8xVOO 
- 
VOO 


Input Low Voltage 
Ports, TIM, XTAL, MOS 
VIL 
VSS 
- 
0.3 xVOO 
V 
IRQ, RESET 
VIL 
VSS 
- 
0.2 xVOO 


Total Supply Current 


CL~ 50 pF, Ports, TIM, 
RUN 
100 
- 
2 
3 
mA 
No de load, tcyc = lIfCL (maxi, 
WAIT' 
100 
- 
0.5 
1 
mA 


VIL=0.2 
V, VIH=VOO 
-0.2 
V 
STOP' 
100 
- 
3 
5 
fLA 


I/O Ports Input Leakage VSS(VI(VOO 
IlL 
- 
- 
±1 
fLA 


Input Current 
RESET, IRQ, TIM 
lin 
- 
- 
±1 
fLA 


Capacitance per Pin 
PORT~s 
Input or Outputl 
Cout 
- 
- 
12 
pF 
RESET, IRQ, TIM, XTAL, MOS 
Cin 
- 
- 
8 


VOO= 
+3 Vdc +10%, VSS=O Vdc, TA=O°C to 70°C 


Output Voltage, ILoad(10.0 fLA 
VOL 
- 
- 
0.1 
V 


VOH 
VOO-O.l 
- 
- 


Output High Voltage, ILoad = - 200 fLA) 
Ports, TIM 
VOH 
VOO-0.3 
- 
- 
V 


Output Low Voltage, ILoad ~ + 200 fLAI 
Ports, TIM 
VOL 
- 
- 
0.3 


Input High Voltage 
Ports, TIM, XTAL, MOS 
VIH 
0.7 x VOO 
- 
VOO 
V 
IRQ, RESET 
VIH 
0.8 xVOO 
- 
VOO 


Input Low Voltage 
Ports, TIM, MOS, XTAL 
VIL 
VSS 
- 
0.3 x VOO 
V 
IRQ, RESET 
VIL 
VSS 
- 
0.2 xVOO 


Total Supply Current 
CL~ 50 pF, Ports, TIM, 
RUN 
100 
- 
0.8 
1.5 
mA 
No de load, tcyc= 1/fCL(Maxl. 
WAIT' 
100 
- 
0.3 
0.5 
mA 


VIL ~ 0.2 V, VIH = VOO- 0.2 V 
STOP' 
100 
- 
1.5 
4 
fLA 


I/O Ports Input Leakage VSS(VI(VOO 
IlL 
- 
- 
±1 
fLA 


Input Current 
RESET, IRQ, TIM 
lin 
- 
- 
±1 
fLA 


Capacitance per Pin 
PORTS (as Input or Output) 
Cout 
- 
- 
12 
pF 
RESET, IRQ, TIM, XTAL, MOS 
Cin 
- 
- 
8 


VOO= 
+2.2 Vdc ±10%, VSS=O Vdc, TA=O°C to 70°C 


Output Voltage, ILoad(10.0 fLA 
VOL 
- 
- 
0.1 
V 


VOH 
VOO-0.1 
- 
- 


Output High Voltage, ILoad ~ -100fLA) 
Ports, TIM 
VOH 
VOO-0.3 
- 
- 
V 
Output Low Voltage, ILoad = + 100 fLA) 
Ports, TIM 
VOL 
- 
- 
0.3 


Input High Voltage 
Ports, TIM, XTAL, MOS 
VIH 
0.7 xVOO 
- 
VOO 
V 
IRQ, RESET 
VIH 
0.8xVOO 
- 
VOO 


Input Low Voltage 
Ports, TIM, MOS, XTAL 
VIL 
VSS 
- 
0.3 xVOO 
V 
IRQ, RESET 
VIL 
VSS 
- 
0.2 xVOO 


Total Supply Current 
CL= 50 pF, Ports, TIM, 
RUN 
100 
- 
0.6 
1 
mA 


No de load, tcyc~ 1/fCL(Maxl. 
WAIT' 
100 
- 
0.2 
0.3 
mA 


VIL = 0.2v, VIH = VOO- 0.2 V 
STOP' 
100 
- 
1 
3 
fLA 


I/O Ports Input Leakage VSS(VI(VOO 
IlL 
- 
- 
+' 
fLA 


Input Current 
REST, IRQ, TIM 
lin 
- 
- 
+1 
fLA 


Capacitance per Pin 
PORT~s 
Input or Output) 
Cout 
- 
- 
12 
pF 
RESET, IRQ, TIM, XTAL, MaS 
Cin 
- 
- 
8 


·Measured under the following conditions: 
- All ports and timer pin are configured 
as input 
- EXTAL is open circuit 


- XTAL is driven by a square wave input 
- port pull downs not enabled 


NOTE: Typical pull-down 
sink current for Vout~VOO 
is 50 fLA. 
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The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
using 
the following 
media: 


MDOS@, 
disk file 
MS@-DOS 
disk file 
(360K) 
EPROM(s) 
2516, 2716, 2532, 2732 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to first contact 
the local field 
service 
office, 
a sales person, 


or a Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MOOS 
or MS-DOS 
disk 
file) may be submitted 
for pattern 
generation. 
They should 
be programmed 
with 
the 
customer 
program, 
using 
po- 


sitive 
logic sense for address 
and data. The diskette 
should 
be clearly 
labeled 
with 
the customer's 
name, date, project 
or product 
name, and the filename 
containing 
the pattern. 
In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the pattern 
file. 


MOOS 
Disk 
File 


MOOS 
is Motorola's 
Disk Operating 
System 
available 
on the EXORciser@ development 
system. 
The disk media 
submitted 
must 
be a single-sided, 
single-density, 
8-inch 
MOOS compatible 
floppy 
diskette. 
The diskette 
must con- 
tain 
the 
minimum 
set of MOOS 
system 
files 
in addition 
to the 
pattern 
file. 


The .LO output 
of the 
M6804 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must 
be produced 
using 
the ROLLOUT 
command, 
so that 
it contains 
the absolute 
image 
of the 
M6804 
memory. 
It is necessary 
to include 
the entire 
memory 
image 
of both program 
and data space. 


All unused 
bytes, 
including 
those 
in the user space, 
must 
be set to logic 
zero. 


MS· DOS Disk 
File 


MS-DOS 
is Microsoft's 
Disk 
Operating 
System. 
Disk 
media 
submitted 
must 
be standard 
density 
(360K). 
dou- 
ble-sided 
5 1/4 inch 
compatible 
floppy 
diskette. 
The dis- 
kette 
must 
contain 
the 
object 
file 
code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6804 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


EPROMS 


Four 
K of EPROM 
are necessary 
to contain 
the 
entire 
MC68HC04J2 
program. 
Two 
2516 or 2716 type 
EPROMs 


or a single 
2532 or 2732 type 
EPROM 
can be submitted 
for pattern 
generation. 
The EPROM 
is programmed 
with 
the 
customer's 
program 
using 
positive 
logic 
sense 
for 
address 
and data. Submissions 
on two 
EPROMs 
must 
be 
clearly 
marked. 
All 
unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
If the MC68HC04J2 
MCU 
ROM pattern 
is submitted 
on 
one 
2532 or 2732 EPROM, 
or on two 
2516 or 2716 type 
EPROMs, 
memory 
map 
addressing 
is one-for-one. 
The 
data space ROM runs from 
EPROM address 
$018 to $05F, 


and program 
space ROM runs from 
EPROM address 
$C10 
to $FF7 with 
vectors 
from 
$FFC to $FFF. 
For shipment 
to Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC carrier 
and packed 
securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media, 
EPROMs 
or floppy 
disks, 
are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the 
contractual 
agreement 
for the creation 
of the customer 
mask. 
To aid in the ver- 
ification 
process, 
Motorola 
will 
program 
customer 
sup- 
plied 
blank 
EPROM(s) 
or 
DOS disks 
from 
the 
data 
file 
used to create 
the custom 
mask. 


ROM Verification 
Units 
(RVUs) 


Ten MCUs 
containing 
the customers 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the 
pur- 


pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum 
order 
quantity, 
but 
are not 
production 
parts. 


These 
RVUs are not guaranteed 
by Motorola 
Quality 
As- 
surance. 


Ordering 
Information 


The following 
table 
provides 
generic 
information 
per- 


taining 
to the package 
type, temperature, 
and order 
num- 


bers for the MC68HC04P3. 


Package Type 
Temperature 
Order Number 


Plastic 
O°Cto 70°C 
MC68HC04J2P 
(P Suffixl 
-40°C to +85°C 
MC68HC04J2CP 


MDOS is a trademark 
of Motorola 
Inc. 


MS@>-DOSis a trademark 
of Microsoft, 
Inc. 


EXORciser is a registered trademark.of 
Motorola 
Inc. 


IBM is a registered trademark 
of International 
Business Machines Corporation. 
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PIN ASSIGNMENTS 


Vss 


IRQ 
2 
19 
PA7 


18 
PA6 


17 
PAS 


XTAL 
16 
PA4 


MDS 
15 
PB7 


TIMER 
7 
PB6 


PBs 


PB1 
PB4 


PB2 
• 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcomputer Unit 


• 


MC68HC04J3 
HCMOS microcomputer 
unit (MCU) device 
is a member 
of the M6804 Family 
of 


single-chip 
microcomputers. 
This device 
is tremendously 
versatile 
and cost effective. 
These quali- 
ties are based on the MCU's 
simple 
design 
and ability 
to process 
8-bit variables, 
one bit at a time. 


This technical 
summary 
contains 
limited 
information 
on the MC68HC04J3. 
For detailed 
informa- 
tion, 
refer to the advanced 
information 
data sheet for the MC68HC04J2, 
MC68HC04J3, 
and 


MC68HC04P3 
8-bit microcomputers 
(MC68HC04J2/D) 
or to the M6804 MeV Manual (DLE404/D). 


Major 
hardware 
and software 
features 
of the MC68HC04J3 
MCU are: 


• 
On-Chip 
Clock Generator 
• 
True Bit Manipulation 


• 
Memory 
Mapped 
1/0 
• 
Bit Test and Branch 
Instruction 


• 
Software 
Programmable 
8-Bit Timer 
with 
• 
368 Bytes Self-Check 
ROM 


7-Bit Prescaler 
• 
Conditional 
Branches 


• 
Single 
Instruction 
Memory 
Examinel 
• 
Timer 
Pin is Software 
Programmable 
as 


Change 
Clock Input 
or Timer 
Output 


• 
72 Bytes of Data ROM 
• 
1672 Bytes of User Program 
ROM 


• 
30 Bytes of User RAM 


• 
User Selectable 
Input 
Drive Options 


• 
Optional 
Pull Down 
Devices 
on 1/0 Ports 


• 
Mask Selectable 
Edge- or Level-Sensitive 
Interrupt 
Pin 


Accumulator 
A 
CPU 


Indirect 
Control 


PM 
Register 
X 


PBO 
Port 
PA5 
Indirect 
PBI 
Port 
Data 
A 
Register 
PB2 
Port 
A 
Olf. 
Y 
I/O 
CPU 
PBJ 
B 


Lines 
PA6 
Reg. 
Reg. 


PB4 
I/O 


Stack 
PB5 
Lines 


PA7 
PB6 
Program 
PB7 
Counter 
AlU 
High 
PCH 
1672 x 8 
Program 


User Program ROM 
Counter 
Flags 
368x8 
low 
PCl 


Self-Check 
ROM 
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VDD AND VSS 


Power 
is supplied 
to the microcomputer 
using 
these 
two 
pins. VDD is power, 
and VSS is ground. 


IRQ 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
an external 
interrupt 
to the microcomputer. 
A pull- 
up resistor 
on this pin is a manufacturing 
mask option. 


EXTAL AND XTAL 


These pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 


nation, 
or an external 
signal 
is connected 
to these 
pins 
to provide 
a system 
clock. Selection 
is made by a man- 


ufacturing 
mask option. 
The different 
clock generator 
op- 


tions 
are 
shown 
in 
Figure 
1, 
along 
with 
crystal 
specifications. 


Internal 
Clock Options 


The crystal oscillator 
start-up time is a function 
of many 
variables. 
To ensure 
rapid oscillator 
start-up, 
neither 
the 
crystal 
characteristics 
nor load capacitances 
should 
ex- 


ceed recommendations. 
When 
using the on-board 
oscil- 
lator, 
the MCU should 
remain 
in a reset condition, 
with 
the RESET pin voltage 
below VIRES +, until the oscillator 
has stabilized 
at its operating 
frequency. 


TIMER 


Two 
TIMER 
input 
modes 
as well 
as an output 
mode 
are available. 
In the input 
modes, 
the TIMER pin is con- 


figured 
as either 
a TIMER enable, or as the TIMER clock. 


In the output 
mode, 
the TIMER pin may generate 
tran- 
sitions 
upon 
each occurrence 
of timer 
underflow. 


RESET 


The RESET pin is used to restart 
the processor 
to the 
beginning 
of a program. 
The program 
counter 
is loaded 
with 
the address 
of the restart 
vector. 
This should 
be a 


MC68HC04J3 
MC68HC04J3 


XTAL 
XTAL 
EXTAL 


5 
5 
4 
0 
I 
I 
I 


External Resistor 
Crystal 
Capacitor 


jump 
instruction 
to the first 
instruction 
of the main 
pro- 


gram. Together 
with the MDS pin, the RESET pin selects 
the operating 
mode of the MCU. A pullup 
resistor 
on this 
pin is a manufacturing 
mask option. 


MDS 


The mode select (MDS) pin places the MCU into special 
operating 
modes. 
When 
this pin is logic high at the exit 
of the reset state, the decoded 
state of PAG and PA7 is 
latched to determine 
the operating 
mode. This choice can 
be either the single-chip, 
self-check, 
or ROM verify 
mode. 


However, 
if MDS is logic low at the end of the reset state, 


the single-chip 
operating 
mode is automatically 
selected. 


No external 
diodes, 
switches, 
transistors, 
etc. 
are 
re- 
quired 
for single-chip 
mode 
selection. 


INPUT/OUTPUT 
LINES (PM-PA7, 
PBO-PB7) 


These 12 lines are arranged 
into one 4-bit port (A) and 
one 8·bit 
port (B). All lines are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data di- 


rection 
registers. 


INPUT/OUTPUT 
PROGRAMMING 


There 
are 
12 input/output 
pins. 
The 
12 bidirectional 
lines can be selected 
to have internal 
pulldowns 
at the 
time of manufacture. 
All pins of each port are programm- 


able as inputs 
or outputs 
under 
the control 
of the data 
direction 
registers 
(DDR). 


The port I/O programming 
is accomplished 
by writing 
the corresponding 
bit in the port DDR to a logic one for 
output 
or a logic 
zero for 
input, 
as shown 
in Figure 
2. 
When 
the 
registers 
are 
programmed 
as outputs, 
the 
latched 
data is readable 
regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
All the I/O pins are CMOS compatible 
as both 
inputs 
and outputs. 
Their 
standard 
configuration 
as outputs 
is 
three-state 
drive. 
Port B outputs 
are LED compatible. 
In 
addition, 
certain 
pins 
of 
both 
ports 
may 
be ordered 
equipped 
with 
pull down 
resistors. 


CrvSlal 
Paramelers 
AT 
- 
Cui Parallel Resonance 
(rvslal 
Co "" 7 pF Mallimum 
FreQ '" 11 MHz 
AS'" 50 Ohms Mallimum 


Piezoelectric 
Cl;:ramlC resonalors 
which 


have the eQUIvalent speCifications 
may be 
used Instead of crystal OSCillators Follow 
ceramiC 
resonator 
manulacturer"s 
sug 
gl::Sllons lor Co. Cl. 
and 
RS values 


I 
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Doll 
Dir-">n 
llu1put 
'-' 
R•••• 
DOlO 
au_ 
To 
Ih 
Ih 
s_ 
MCU 


1 
0 
0 
0 


1 
1 
1 
1 


0 
• 


HI-Z 
P,n 


Any 
write 
to a port 
writes 
to all of its data 
bits even 
though 
the 
port 
DDR may 
be set to input. 
This can be 
used as a tool 
to initialize 
the data 
registers 
and avoid 
undefined 
outputs. 
However, care must be exercised when 
using 
read-modify-write 
instructions. 
The data read cor- 


responds 
to the pin level if the DDR is an input 
or to the 
latched 
output 
data when 
the DDR is an output. 


Pull Down 
Device Option 


The use of pull down 
devices 
on particular 
groupings 
of I/O ports 
is a manufacturing 
mask option 
available 
to 
the user. It is of use in applications 
where 
keyboards 
are 
interfaced 
directly 
to the MCU and similar 
situations. 
This 
option 
is available 
in the following 
configurations: 


I/O Port 
Resistor-Option 
Pin Groupings 


Port A 
PM-PA7 


Port B 
PB3-PB7, PB4-PB7, PB1-PB2, PBO 


Port Data Registers 
($00, $01) 


The port data registers are not initialized 
on reset. These 
registers 
should 
be initialized 
before 
changing 
the DDR 
bits to avoid 
undefined 
levels. 


The source of data read from 
the port register 
is either 
the 
port 
I/O pin or previously 
latched 
output 
data. The 
source depends 
upon the contents 
of the corresponding 
DDR. The 
destination 
of data 
written 
to the 
port 
data 
register 
is an output 
data latch. If the corresponding 
DDR 
for the port I/O pin is programmed 
as an output, 
the data 
appears 
on the port pin. 


Port A ($00) 


4 
3 


Port B ($01) 
4 
3 


With 
regard 
to Port A only, 
the four 
MSB bits are un- 


used. These are "don't 
care" 
(X) bits when written 
to but 
are always 
logic 
high when 
read. 


Port Data Direction 
Registers 
($04, $05) 


Port DDRs configure 
the port pins as either 
outputs 
or 
inputs. 
Each port pin can be programmed 
individually 
to 
function 
as input 
or output. 
A zero 
in the 
pin's 
corre- 
sponding 
DDR bit programs 
it as an input; 
a logic 
one 
programs 
it as an output. 
On reset, all the DDRs are in- 
itialized 
to a logic zero state to put the ports 
in the input 
mode. 


Port B ($05) 


4 
3 


With 
regard 
to Port A DDR only, the four 
MSB bits are 
cleared after reset. These bits must not be set (logic one). 


The MCU memory 
map (Figure 3) consists of 4352 bytes 
of addressable 
memory, 
I/O register 
locations, 
and stack 
space. 
This 
MCU 
has three 
separate 
memory 
spaces: 


program 
space, data space, and stack space. 
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Bytes 


סס oo 
Port 
A Data 
Register 
$ 


1 
Port 
B Data 
Register 
$ 


2 
Reserved 
$ 


12 Bytesl 


$ 


Port A DDR 


Port BOOR 
$ 


Reserved 
$ 


13 Bytes) 


Timer 
Status 
Control 
Register 
$ 


low 
Byte CRC 
$ 


, 
High Byte CRC 
$ 


.~- 
Reserved 
•••".$ 


Self-Check 
ROM 
(368 
Bytes) 
• 


4087 
$FF7 


408B 
Self-Check 
$FFB 


4089 
IRQ Vector 
$FFS 


4090 
Self-Check 
$FFA 


4091 
Restart 
Vector 
$FFB 


4092 
User 
$FFC 


IRQ Vector 


4093 
$FFD 


4094 
User 
$FFE 


Restart 
Vector 
4096 
$FFF 


Program 
Space 


User 
Data 
Space 
RAM 


15SI 
I_30_B_yt_e_s) 
f$SF 


100 
$AO 


Reserved 
- 
.•..- 
193 Bytes) 


$ 


Prescaler 
Register 
$ 


Timer 
Count 
Register 
$ 


Accumulator 
$ 
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• 


The MCU 
is capable 
of addressing 
4096 
bytes 
of pro- 


gram 
space 
memory 
with 
its program 
counter 
and 
256 


bytes 
of data 
space 
memory 
with 
its instructions. 
Pro- 


gram 
space 
memory 
includes 
self-check 
ROM, 
program 


ROM, self-check 
and user program 
vectors, 
and reserved 


memory 
locations. 


A non-accessible 
subroutine 
stack 
space 
RAM 
is pro- 


vided. 
This stack space consists 
of a last-in-first-out 
(LIFO) 


register. 
This 
register 
is used 
with 
inherent 
addressing 


to stack the 
return 
address 
for subroutines. 


Indirect 
X and 
Y register 
locations 
$80 
and 
$81 
are 


generally 
used as pointers 
for such tasks 
as indirect 
ad- 


dressing 
to data space locations. 
Short 
direct 
addressing 


allows 
access 
to the four 
data 
space 
addresses 
$80-$83 


with 
single 
byte 
opcodes. 
The 
operations 
allowed 
are 


increment, 
decrement, 
load, 
and 
store. 
Data 
space 
lo- 


cations 
$82 and 
$83 can be used for 
8-bit 
counter 
loca- 


tions. 


Program 
ROM Protect 


A manufacturing 
mask option 
available 
to the user en- 


ables 
program 
ROM protection. 
Enabled, 
this option 
pre- 


vents 
the 
ROM contents 
from 
being 
output 
during 
self- 


check/ROM 
verify. 
This option 
does not prevent 
a go, no- 


go test of the ROM contents 
using 
the ROM verify 
mode. 


ACCUMULATOR 
(A) 


The 
accumulator 
is a general 
purpose 
8-bit 
register 


used 
to 
hold 
operands 
and 
results 
of arithmetic 
calcu- 


lations 
or data 
manipulations. 


INDIRECT 
REGISTERS 
(X,Y) 


These 
two 
registers 
are used 
to maintain 
pointers 
to 


other 
memory 
locations 
in data space. 
They 
are used in 


the 
register-indirect 
addressing 
mode 
and 
can 
be 
ac- 


cessed 
with 
the 
direct, 
indirect, 
short 
direct, 
or bit set! 


clear 
modes. 


o 


_____ 
x 
:::J 


The program 
counter 
is a 12-bit 
register 
that 
contains 


the address 
of the next byte to be fetched 
from 
program 
space. The program 
counter 
is contained 
in low byte (PCL) 


and 
high 
nibble 
(PCH). 


11 
I 
PCH 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic 
logic 
unit 
IALU). 
It is cleared 
if the 
arithmetic 
operation 
does not result 
in a carry 
or borrow. 


The C bit is also set to the value 
of the bit tested 
in a bit 


test 
instruction. 
It participates 
in the 
rotate 
left 
(ROLA) 
instruction, 
as well. 


The second 
flag, 
the zero (Zl bit, 
is set if the 
result 
of 
the last arithmetic 
or logic 
operation 
was 
equal 
to zero. 
Otherwise, 
it is cleared. 
Bit test instructions 
do not affect 
the Z bit. 


NORMAL 
FLAGS 


There are two sets of these flags. 
One set is for interrupt 


processing 
(the interrupt 
mode 
flags). 
The other 
set is for 


normal 
operations 
(the 
program 
mode 
flags). 
When 
an 


interrupt 
occurs, 
a context 
switch 
is made 
from 
the pro- 
gram 
flags to the interrupt 
flags. 
An RTI forces the context 


switch 
back. While 
in either 
mode, 
only 
the flags 
for that 


mode 
are available. 
A context 
switch 
does 
not affect 
the 
value 
of the C or Z bits. 
Both 
sets of flags 
are cleared 
by 
RESET. 


STACK 


A last-in-first-out 
(LIFO) stack is incorporated 
in the MCU 


that 
eliminates 
the 
need 
for 
a stack 
pointer. 
This 
non- 


accessible 
subroutine 
stack space 
is implemented 
in sep- 
arate 
RAM, 
12-bits 
wide. 
Whenever 
a subroutine 
call or 
interrupt 
occurs, 
the contents 
of the 
PC are shifted 
into 
the 
top 
register 
of the 
stack. 
At the 
same 
time, 
the top 
register 
is shifted 
one 
level 
deeper. 
This 
happens 
to all 
registers, 
with 
the bottom 
register 
falling 
out of the stack. 


Whenever 
a return 
from 
subroutine 
or interrupt 
occurs, 


the top 
register 
is shifted 
into 
the 
PC and all lower 
reg- 


isters 
are shifted 
one level 
higher. 
The stack RAM 
is four 
levels 
deep. 
If the 
stack 
is pulled 
more 
than 
four 
times 


with 
no pushes, 
then 
the address 
that 
was stored 
in the 
bottom 
level 
of the stack 
is shifted 
into 
the PC. 


CRC Registers 


Two 
eight 
bit 
registers 
are implemented 
in RAM 
pri- 


marily 
as self-check 
and ROM verify 
modes. 
The two 
reg- 


isters 
are memory 
mapped 
in data 
space 
at addresses 
$OA (CRC low), 
and $OB (CRC high). 


Provided 
no write 
or read/modify/write 
operation 
is used 


to change 
the contents 
of these 
two 
locations, 
the 
reg- 


isters are configured 
to perform 
CRC calculations. 
By sim- 


ply reading 
a register, 
a pseudo-random 
number 
can be 
generated. 


If a write 
or a read/modify/write 
is performed 
on ad- 
dresses 
$OA or $OB, then 
the 
CRC circuitry 
is disabled. 


Both 
registers 
can 
be used 
as RAM 
locations 
until 
the 


next 
RESET. RESET enables 
the CRC circuitry 
again. 


The MCU implements 
two 
forms 
of internal 
check, 
self 


check 
and ROM verify. 
Self check 
performs 
an extensive 
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functional 
check of the MCU using 
a signature 
analysis 
technique. 
ROM verify 
uses a similar 
method 
to check 
the contents 
of program 
ROM. 
Self-check 
mode 
is selected 
by holding 
the MDS and 
PA7 pins 
logic 
high, 
and PA6 logic 
low 
as RESET goes 
low to high. ROM verify 
mode is entered 
by holding 
MDS, 
PA7, and 
PA6 logic 
high 
as RESET goes 
low 
to 
high. 
Unimplemented 
program 
space ROM locations 
are also 
tested. 
Monitoring 
the self-check 
mode's 
stages for suc- 
cessful 
completion 
requires 
external 
circuitry. 


The MCU can be reset by initial 
power 
up or by external 
reset input 
(RESET). 


POWER-aN-RESET 
(paR) 


During 
a power-on-reset, 
the timer 
is used to count 
1920 external 
clock cycles. 
This allows 
the oscillator 
to 
stabilize 
before 
releasing 
the internal 
reset, irrespective 
of the state of the RESET pin. If the RESET pin is low at 
the end of the delay, the processor 
remains 
in the reset 
condition. 


RESET 


A reset can also be achieved 
by pulling 
the RESET pin 
to logic low for a minimum 
of two clock cycles. The delay 


is not implemented 
in this case. 


There 
are two 
ways 
this 
MCU can be interrupted: 
by 
applying 
a logic low signal to the IRQ pin, or by a positive 
transition 
of the 
TMZ 
bit of TSCR with 
the 
ETI bit set. 


However, 
a manufacturing 
mask 
option 
determines 
whether 
the falling 
edge 
or the actual 
low 
level 
of the 
IRQ pin is sensed to indicate 
an interrupt. 


EXTERNAL 
INTERRUPT 
EDGE-SENSITIVE 
OPTION 


When 
the IRQ pin is pulled 
low, the internal 
interrupt 
request 
latch 
is set. Prior to each instruction 
fetch, 
this 
interrupt 
request 
latch 
is tested. 
If its output 
is low, 
an 
interrupt 
sequence 
is initated 
at the end of the current 
instruction, 
provided 
the interrupt 
mask is cleared. 
Figure 


contains 
a flowchart 
that illustrates 
the interrupt 
and in- 
struction 
processing 
sequences. 
The interrupt 
sequence 
consists 
of one cycle 
during 
which: 


The interrupt 
request 
latch is cleared; 


The interrupt 
mode flags 
are selected; 


The program 
counter 
(PC) is saved on the stack; 


The interrupt 
mask is set; and 


The IRQ vector 
jump 
address 
is loaded 
into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip 
mode 
and $FF8-$FF9 
in the 
self-check 
mode. 
The 
contents 
of these locations 
are not decoded 
as an address 
to which 
the PC should 
jump. 
Instead, 
they are decoded 
like any other ROM word. 
So, it is essential that the vector 
contents 
specify a JMP instruction 
in addition 
to the start- 
ing address 
of the interrupt 
service 
routine. 
If required, 


this 
routine 
should 
save the values 
of the accumulator 
and the 
X and Y registers, 
since 
these 
values 
are not 
stored 
on the stack. 


Internal 
processing 
of the 
interrupt 
continues 
until 
a 
3 


return 
from 
interrupt 
(RTI) instruction 
is processed. 
Dur- 
ing RTI, the interrupt 
mask is cleared 
and the 
program 
mode flags are selected. 
The next instruction 
of the pro- 
gram 
is then fetched 
and executed. 
When STOP is processed, 
the interrupt 
mask is cleared 
and the 
oscillator 
stopped. 
Checks are made 
for either 
RESET or IRQ. If RESET is detected, 
the RESET sequence 
is initiated. 
If IRQ is detected, 
the 
system 
oscillator 
is 
enabled 
along 
with 
the clock. 
In both 
cases, a delay 
is 
executed 
by the timer 
to allow 
oscillator 
stabilization 
be- 
fore the CPU is enabled 
and the interrupt 
serviced. 
When WAIT is processed, 
the interrupt 
mask is cleared 
and the CPU clock disabled. 
The interrupt 
latch is tested. 
Detection 
of RESET initiates 
the RESET sequence. 
Detec- 
tion 
of IRQ or timer 
interrupt 
enables 
the CPU clock and 
initiates 
servicing 
of the interrupts. 
When 
RTI is processed, 
the program 
counter 
is pulled 
from 
the stack. The program 
flags 
are selected 
and the 
interrupt 
mask cleared. 
The interrupt 
latch is then tested 
before 
the next instruction. 
When 
the 
interrupt 
was 
initially 
detected 
and the 
in- 
terrupt 
sequence 
started, 
the interrupt 
request 
latch was 
cleared 
so that the next interrupt 
could 
be detected. 
This 
was done even as the first 
interrupt 
was being 
serviced. 
However, 
even though 
the 
second 
interrupt 
set the 
in- 
terrupt 
request 
latch during 
the first 
interrupt's 
process- 
ing, the second 
interrupt's 
sequence 
cannot 
begin 
until 
completion 
of the 
interrupt 
service 
routine 
for the first 
interrupt. 
Completion 
of an interrupt 
service 
routine 
is 
always 
accomplished 
using 
an RTI instruction 
to return 
to the main 
program. 
The interrupt 
mask, which 
is not 
directly 
available 
to the 
programmer, 
is cleared 
during 
the last cycle of the RTI instruction. 


EXTERNAL 
INTERRUPT 
EDGE/LEVEL-SENSITIVE 
OP- 
TION 
The edge/level-sensitive 
option 
performs 
as described 
in the preceding 
section 
but adds the potential 
for level- 
sensitive 
operation. 
Level-sensitive 
operation 
tests 
the 
state of the IRQ and initiates 
an interrupt 
service 
routine 
if the IRQ pin is found 
to be logic 
low. 
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II 


The timer 
interrupt 
request 
is maskable 
by clearing 
bit 
6 of the TSCR (ETI bit). ETI is cleared 
by RESET. 


During 
the interrupt 
routine, 
to determine 
whether 
an 
interrupt 
was caused externally 
or by the timer, 
it is nec- 
essary to test the state of the TMZ bit in the TSCR. 


It is important 
to service a timer 
interrupt 
and clear the 
TMZ bit before the timer 
counter 
underflows 
again. Oth- 
erwise, 
because 
only 
a single 
interrupt 
can be latched, 
there is no way of telling 
how many timer interrupts 
occur 
while 
the original 
interrupt 
is being 
serviced. 


STOP 


The STOP instruction 
places the MCU in its lowest power 
consumption 
mode. 
In the STOP mode, 
the internal 
os- 
cillator 
is turned 
off, causing 
all internal 
processing 
and 
the 
timer 
to 
be 
halted. 
Current 
consumption 
is thus 
dropped 
to leakage levels. 
Providing 
the supply voltage 
remains 
within 
data sheet 


limits, the contents 
of the TSCR, accumulator, 
and all data 
space RAM remain 
unchanged 
in STOP mode. 


POWER UP AND TIMING 


During 
the power 
up sequence, 
the interrupt 
mask is 
closed. This precludes 
any false interrupts. 
The PC is also 


loaded with 
the appropriate 
restart vector 
(jump 
instruc- 
tion). 
To open the interrupt 
mask, the user should 
do a JSR 


to an initialization 
subroutine 
that ends with 
an RTI in- 
stead of an RTS. The RTI opens the interrupt 
mask. Typ- 
ical RESET and IRQ processes 
and their 
relationship 
to 
the interrupt 
mask are shown 
in Figure 7. 


Maximum 
interrupt 
response 
time 
is eight 
machine 
cycles. This includes five cycles for the longest instruction 
plus one for 
stacking 
the PC and switchi~flags. 
Two 
additional 
cycles are used to synchronize 
IRQ input with 
the internal 
machine 
cycle frequency. 


TIMER INTERRUPT 


A timer 
interrupt 
is requested 
by a transition 
of the 
TMZ bit of the timer 
status/control 
register 
(TSCR) from 
logic 
low 
to high. 
Such 
a positive 
transition 
is caused 
either 
by the timer 
count 
register 
reaching 
the all zero 
state, or by any program 
instruction 
that writes 
a one to 
the TMZ bit. 
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OscIllator 
Active 
TImer ClOCk Enable 
CPU Clock D.sable 


SOO- 
DDR·s 


Preset 
Timer 


:s::o 
6 
:xlo 
> 
:s::n 
Co) 
:xl 
W 0 
CO 
"1l 
..• 
:xlon 
m 
C/) 
C/)o 
:xl 
C 


~ 


CPU Clock Enable 
$00 - 
DDR·s 


Set I Mask 
Clear IRQ latch 
$FF - 
TCR 
$00- 
TSCR 


Select Prgm Flags 


load 
Reset Vector 
Into PC 


Oscillator 
Achve 


Timer Clock Enable 
CPU Clock D'sable 
Preset 
Timer 


II 


IRQ 


SERVICE 
ROUTINE 


INIT 
INITIALIZATION 


SUBROUTINE 


Causing 
an interrupt 
or reset by pulling 
the RESET or 
IRQ pins low is the only way to bring the processor 
out 
of STOP mode. 
During 
this exit from 
STOP, the timer 
is 
used to provide the delay time necessary for the oscillator 
to stabilize. 
So, the 
prescaler 
and timer 
count 
register 


contents 
must be considered 
corrupted. 


WAIT 
The WAIT 
instruction 
places the MCU in a low power 


consumption 
mode, 
but 
the 
WAIT 
mode 
consumes 
somewhat 
more power than the STOP mode. In the WAIT 
mode, the internal 
clock is disabled 
from 
all internal 
cir- 
cuitry 
except for the timer. 
So, all internal 
processing 
is 


halted. 
However, 
the timer 
continues 
to decrement 
nor- 
mally 
if the PSI bit of TSCR is set. 


INTERRUPT 
MASK 
CLOSED 


INTERRUPT 
MASK 
CLOSED 


During the WAIT mode, external 
interrupts 
are enabled. 
All other registers, 
memory, 
and I/O lines remain 
in their 
last state. Pulling the IRQ or RESET pin to logic low causes 
an exit from the WAIT mode. In addition, 
ETI bit of TSCR 


can be enabled 
by software 
prior 
to entering 
the WAIT 
state. This allows 
an exit from 
WAIT via a timer 
interrupt 
as well as via external 
interrupts. 
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A block diagram 
of the MC68HC04J3 
timer 
circuitry 
is 
shown 
in Figure 
8. The timer 
logic 
in the MCU is com- 
prised of a simple 
8-bit counter 
called the timer 
counter. 


This counter 
is decremented 
by a 7-bit prescaler 
at a rate 


determined 
by the timer 
status/control 
register 
(TSCR). 


Timer Pin TOUT 
DOUT 


Input 
a 
a 
a 
1 


Event 
Counter 


Input Gated Mode 


Output 


PRESCALER 


The prescaler 
is a 7-bit counter 
used to extend the max- 


imum 
interval 
of the overall timer. 
This counter 
is clocked 


by a signal 
from 
the TIMER pin or by the internal 
sync 


pulse. 
It divides 
the frequency 
received 
by some factor 
to create 
the prescaler 
output. 
The factor 
by which 
the 


TIMER 
pin signal 
is divided 
is called 
the prescaler 
tap. 


The value of this tap is selected 
by three bits of the TSCR 


(PSO-PS2). These bits control 
the division 
of the prescaler 


input 
within 
the range of divide-by-20, 
to divide-by-27 


TIMER COUNTER 


The timer 
counter, 
which 
may be read or loaded under 
program 
control, 
is decremented 
from 
a maximum 
value 
of 256 toward 
zero by the prescaler 
output. 
Both are dec- 


remented 
on rising 
clock edges. 


The 
prescaler 
register 
and 
timer 
count 
register 
are 


readable 
and writeable. 
A write 
to either 
one will 
take 


precedence 
over 
the 
normal 
counter 
function. 
For ex- 


ample, 
if a value is written 
to the timer count register 
and 


this 
write 
and 
a decrement-to-zero 
occur 
at the 
same 
time, the write takes precedence 
and TSCR bit one (TMZ) 


is not set until the next timer 
time 
out. 


TIMER PIN 


The TIMER pin may be programmed 
as either an input 


or an output. 
Its status 
depends 
on the value 
of TSCR 


bits 4 (DOUT) 
and 5 (TOUT). Two 
distinct 
input 
modes 
exist; 
input 
gated 
mode 
and input 
event counter 
mode. 


This relationship 
is shown 
in the TIMER pin status section 


of Figure 
8. The frequency 
of the internal 
clock applied 
to the TIMER pin must 
be less than tbyte, 
which 
is the 


frequency 
of the oscillator 
divided 
by either 
12, 24, or 48, 
then multiplied 
by the clock divide 
ratio. Whether 
fosc is 


divided 
by 12, 24, or 48 is a manufacturing 
mask option. 


TIMER INPUT EVENT COUNTER 
MODE 


In the timer 
input event counter 
mode, both TOUT and 
DOUT are logic zero. The TIMER pin is effectively 
con- 


nected directly 
to prescaler 
input. So, the timer/prescaler 
is clocked 
by the signal 
applied 
from 
the TIMER pin. 


TIMER INPUT GATED MODE 


In the input gated mode, TOUT is logic zero and DOUT 


is logic one. The timer 
pin is an input which 
decrements 
the prescaler 
each machine 
cycle as long as the timer 
pin 
is logic 
high. 
When 
the pin is logic 
low, counting 
is in- 


hibited. 
This mode 
permits 
the counting 
of the period 
of 
time 
during 
which 
the timer 
pin is logic 
high, 
based on 


the system 
clock 
and 
prescaler 
values. 
Gate times 
are 


fosc/12, 
fosc/24, 
and focs/48. 


TIMER OUTPUT 
MODE 


In the output 
mode, TOUT is logic one and the TIMER 
pin is connected 
to the DOUT latch. 
So, the timer 
pres- 
caler is clocked 
by the internal 
sync pulse. This pulse 
is 
a divide-by-12, 
24 or 48 of the internal 
oscillator 
depend- 


ing on the mask option. 
However, 
in the output 
mode, 
once the prescaler 
decrements 
the timer 
count 
register 


• 
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• 


to zero, the low TSCR bit 1 (TMZ) bit state is used to drive 
the data latched 
at TSCR bit 4 (DOUT) onto the TIMER 
pin. 


NOTE 
TMZ 
is normally 
set to logic 
one when 
TCR dec- 
rements 
to zero and the timer 
times 
out. However, 
it may be set by a write 
of $00 to TCR or by a write 
to bit 7 of TSCR. 


TIMER 
COUNT 
REGISTER 
($FE) 


The timer 
count 
register 
reflects 
the current 
count 
in 
the internal 
8-bit counter. 
The register 
is the counter 
and 
can be written. 


7 
I MSB 
LSB 


RESET: 


1 


TIMER 
STATUS/CONTROL 
REGISTER 
(TSCR) ($09) 
7654321 


TMZ 


RESET: 


000 


TMZ - 
Timer 
Zero 
1 = Timer 
count 
register 
has reached 
the all-zero 
state since the last time the TMZ bit was read. 


0= This bit is cleared 
by a read of the TSCR if TMZ 
is read as logic one. 


ETI - 
Enable Timer 
Interrupt 
1 = Timer 
interrupt 
enabled. 
0= Timer 
interrupt 
disabled. 
TOUT - 
Timer 
Output 
1 =Output 
mode 
is selected 
for the timer. 


0= Input 
modes 
are selected 
for the timer. 


DOUT - 
Data Output 
In the input 
mode, 
latched 
data at this bit is sent to 
the TIMER 
pin when 
both the TMZ and TOUT 
bits 
are logic high. 
In the input 
mode: 
1 =Timer 
input 
gated 
mode 
is selected 
0= Timer 
input 
event counter 
mode 
is selected 
PSI - 
Prescaler 
Initialization 
1 = Prescaler 
begins to decrement. 


0= Prescaler is initialized 
and counting 
is inhibited. 


PSO-PS2 
These bits are used to select the prescaler 
tap. The 
coding 
of the bits is shown 
below: 


PS2 
PS1 
PSO 
Divide 
By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
B 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
'128 


It is recommended 
that 
MVI 
or loading 
and 
storing 
instructions 
be used when 
changing 
bit 
values 
in the 
TSCR. Read-modify-write 
instructions 
can cause the TMZ 
to assume 
an unexpected 
state. 
During 
reset, the TSCR is set to all zeroes. The TIMER 
pin 
is in the 
high 
impedance 
input 
mode; 
and 
DOUT 
LATCH is forced 
to a logic high. At the same time, 
PSO- 
PS2 coding 
sets the prescaler 
tap at divide-by-one, 
and 
bit 3 initializes 
the prescaler. 


TIMER 
PRESCALER 
REGISTER 
($FD) 


The timer 
prescaler 
register 
reflects 
the current 
count 
ofthe 
7-bit prescaler. 
This register 
is the prescaler 
counter 
and can be written. 


6 
I MSB 


RESET: 


1 


The MCU has a set of 42 basic instructions. 
They can 
be divided 
into five different 
types: 
register/memory, 
read/ 


modify/write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 


erand 
is the 
accumulator; 
the 
other 
is obtained 
from 
memory 
using one of the addressing 
modes. 
Refer to the 
following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LOA 


Load XP from Memory 
LOX 


Load YP from Memory 
LDY 


Store A in Memory 
STA 


Add to A 
ADD 


Subtract from A 
SUB 


AND Memory to A 
AND 


Transfer A to XP 
TAX 


Transfer A to YP 
TAY 


Transfer YP to A 
TYA 


Transfer XP to A 
TPA 


Clear A 
CLRA 


Clear XP 
CLRX 


Clear YP 
CLRY 


Complement 
A 
COMA 


Rotate A Left and Carry 
ROLA 


Arithmetic 
Compare with Memory 
CMP 


Move Immediate 
Value to Memory 
MVI 


Arithmetic 
Left Shift of A 
ASLA 
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READ·MODIFY·WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the modified 
value 
back to memory 
or to the register. 
AIlINC 
and DEC 
forms 
along 
with 
all bit manipulation 
instructions 
use this 
method. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
Memory Location 
INC 


Increment A 
INCA 


Increment XP 
INCX 


Increment YP 
INCY 


Decrement Memory Location 
DEC 


Decrement A 
DECA 


Decrement XP 
DECX 


Decrement YP 
DECY 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 


lowing 
list of instructions. 


Function 
Mnemonic 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
(BHS) 


Branch if Carry Set 
BCS 


Branch if Lower 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the 256 bytes 
of the memory 
space, 
where 
all 
port 
registers, 
port 
DDRs, timer, 
timer 
control, 
and 
on- 
chip 
RAM 
reside. 
An 
additional 
feature 
allows 
the 
soft- 
ware 
to test 
and 
branch 
on the 
state 
of any 
bit within 
these 
256 locations. 
The bit set, bit clear, and bit test and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For the test and branch 
instructions, 
the value 
of the 
bit 
tested 
is also 
placed 
in the 
carry 
bit 
of 
the 
condition 
code 
register. 
Refer to the following 
list of in- 


structions. 


Function 
Mnemonic 


Branch If Bit n is Set 
BRSET n(n=O .. . 7) 


Branch If Bit n is Clear 
BRCLR n(n = 0 . .. 7) 


Set Bit n 
BSET n(n=O .. . 7) 


Clear Bit n 
BCLR n(n=O . .. 7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are used 
to control 
processor 
op- 
eration 
during 
program 
execution. 
The jump 
conditional 
(JMP) and jump 
to subroutine 
(JSR) instructions 
have no 
register 
operand. 
Refer 
to the 
following 
list 
of 
instruc- 
tions. 


Function 
Mnemonic 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


No Operation 
NOP 


Jump to Subroutine 
JSR 


Jump Unconditional 
JMP 


Stop 
STOP 


Wait 
WAIT 


IMPLIED 
INSTRUCTIONS 


Since 
the 
accumulator 
and 
all other 
registers 
are 
lo- 
cated 
in RAM, 
many 
implied 
instructions 
exist. 
Some 
of 
the instructions 
recognized 
and translated 
by the assem- 
bler are shown 
below: 


Mnemonic 
Becomes 
Mnemonic 
Becomes 


ASLA 
ADD $FF 
INCX 
INC $80 


BHS 
BCC 
INCY 
INC $81 


BLO 
BCS 
LDXI 
MVI $80 DATA 


CLRA 
SUB $FF 
LDYI 
MVI $81 DATA 


CLRX 
MVI $80 #0 
NOP 
BEQ (PC) +1 


CLRY 
MVI $81 #0 
TAX 
STA $80 


DECA 
DEC $FF 
TAY 
STA $81 


DECX 
DEC $80 
TXA 
LDA $80 


DECY 
DEC $81 
TYA 
LDA $81 


INCA 
INC $FF 


Some 
examples 
of valuable 
instructions 
not 
specifi- 
cally 
recognized 
by the assembler 
are shown 
below: 


Mnemonic 
Meaning 


BCLR 7,$FF 
Ensures A is plus 


BSET 7, $FF 
Ensures 
A is minus 


BRCLR 7, $FF 
Branch if A is plus 


BRSET 7, $FF 
Branch 
if A is minus 


BRCLR 7, $80 
Branch if X is plus (BXPL) 


BRSET 7, $80 
Branch if X is minus IBXMI) 


BRCLR 7, $81 
Branch if Y is plus (BYPL) 


BRSET 7, $81 
Branch if Y is minus (BYMI) 


OPCODE 
MAP 


Table 
1 is a listing 
of all the 
instruction 
set opcodes 
applicable 
to the MC68HC04J3 
MCU. 


• 
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s: 
~o 
::J:lo 
!i= 
s: 
C'i 
W 
::J:l 
IN 
0 
00 
"0 
en 
::J:loo 
m 
C/l 
C/lo 
::J:l 
C 


~ 


ReglsterfMemorv. 
Conlrol, and 
el' Manipulll!fon 
Reglsterl Memory and 
Branch 
lnSlruClions 
Aead/MocMyfWr,te 
lnstluct,ons 
Instructions 
Read/Modify/Write 
~' 
:;. 
:. 
;" 
o~ 
, 
6 
) 
,~ 
,:, 


A 


,:" 
C 


1~' 


E 
, 
~ 
"", 
0'01 
J"0 
0'" 
'0'0 
"'" 
"'0 
'111 
, 
, 
, 
, 
, 
, 
, 
, 
, 


0 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
JSRn 
JMPn 
MV' 
BRCLRO 
BClRO 
LOA 
LOA 
0 
סס oo 
." 
." 
"" 
." 
." 
." 
." 
." , 
'" , 
'" 
, 
,.. , ·.. , 
'" 


~ 'NO 
"'''0סס oo 
, 
, 
, 
, 
, 
, 
, 
, 
, 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
J$Rn 
JMPn 
BRClRl 
BCLRl 
sTA 
sTA 
, 


"'" 
." 
." 
." 
"" 
." 
." 
." 
"" , 
'"' , 
'" 
, 
... , 
IlSO: 
"',"0 
"'''0 
"", 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 


2 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
J$Rn 
JMPn 
RT! 
BACLR2 
BCLA2 
ADD 
ADD 
2 
"''' 
." 
"" 
." 
." 
." 
." 
." 
"" , 
'" , 
'" 
"" , 
"., 
'" 


"'''0 
","00 
"''' 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 


3 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
J5Rn 
JMPn 
RTs 
SAClA3 
BClAJ 
SUB 
SUB 
3 
"''' 
." 
." 
." 
." 
." 
." 
." 
"" , 
'" , 
'" 
"" , 
... , 
'" 


"'NO 
"'''0 
('(111 
, 
, 
, 
, 
, 
, 
, 
, 
, 
• 
BNE 
BNE 
BEO 
BEO 
BCe 
BCC 
BCs 
BCs 
JSRn 
JMPn 
COMA 
BRCLR4 
BClR4 
CMP 
CMP 
• 
"'" 
." 
." 
." 
." 
"" 
." 
." 
"" , 
'" , 
'" 
"" , 
... , 
OS, 
"'''0 
" 'NO 
"'" 
, 
, 
, 
, 
, 
, 
, 
, 
, 


5 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
J$An 
JMPn 
ROLA 
SAClA5 
BCLAS 
AND 
AND 
5 


0101 
." 
." 
." 
"" 
"" 
." 
." 


IIf, , 
,., , 
'" 
"" , 
... , 
OS, 
"'NO 
R,-,O 
0101 
, 
, 
, 
, 
, 
, 
, 
, 
. 
, 


6 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
JSRn 
JMPn 
STOP 
BRClA6 
BClR6 
'NC 
iNC 
6 


0110 
." 
." 
." 
." 
." 
." 
." 
"" , 
'" , 
'" 
, - , ... , 
'" 
"'NO 
"'''10 
0110 
, 
, 
, 
, 
, 
, 
, 
, 
I 
WAIT 
, 


) 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
J$Rn 
JMPn 
SAClA7 
BClA7 
DEC 
DEC 
) 


0111 
." 
." 
." 
." 
." 
." 
." 
." , 
'" , 
'" 
, - , ·.. , 
." 
"''-0 
"'NO 
DIll 
, 
, 
, 
, 
, 
, 
, 
, 
, 


B 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
J$An 
JMPn 
'NC 
DEC 
BASETO 
BSETO 
LOA 
LOA 
B 


''''' 
." 
"" 
." 
." 
." 
." 
." 
." , 
'" , 
'" 
>0 
so , ·.. , 
'" , 
,.. , 
''" 
''''' 
, 
, 
, 
, 
, 
, 
, 
, 
, 


9 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
JSRn 
JMPn 
'NC 
DEC 
BASH! 
8SHI 
· 


sTA 
9 


''''' 
." 
." 
." 
." 
." 
'L 
." 
." , 
'" , 
'" 


so 
so 
.'. , 
'" 
, 
". 
,"', 
, 
, 
, 
, 
, 
, 
, 
, 
, 


A 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
JSAn 
JMPn 
iNC 
DEC 
BA$ET2 
BSET2 
AOD 
ADD 
A 


1010 
." , 
." 
." 
." 
." 
." 
." 
." 
,.. , 
,.. 
'" 
" 
..,, 
'" , 
,.. , 
0" 
1010 
, 
, 
, 
, 
, 
, 
, 
, 
, 


B 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCS 
J$An 
JMPn 
'NC 
DEC 
BRSETJ 
BSETJ 
SUB 
SUB 
B 


1011 
"" 
." 
." 
." 
"" 
." 
"' 
." 
,.. , 
'" 
'0 
'0 , 
·.. , 
'" 
,.. , 
''" 


1011 
, 
, 
, 
, 
, 
, 
, 
, 
, 


C 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
JSAn 
JMPn 
LOA 
sTA 
BASET4 
B$ET4 
CMP 
CM? 
C 
"'" 
'" 
'" 
." 
'" 
." 
"" 
." 
." 
'" 
,.. 
'0 
" 


1 
... 
." , 
,.. 
0," 
"'" 
, 
, 
, 
, 
, 
, 
, 
, 
, 


0 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
Bes 
BCs 
JSAn 
JMPn 
LOA 
sTA 
I 
BASETS 
BSET5 
AND 
AND 
0 


1101 
'0. , 
." 
"" 
." 
"" 
." 
." 
." 
,.. 
,.. 
'0 
" , .'. , 
m , 
,.. , 
0," 
1101 
, 
, 
, 
, 
, 
, 
, 
, 


E 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
JASn 
JMPn 
LOA 
sTA 
BASET6 
BSET6 
· 


lNC 
E 


IllO 
"" 
." 
"" 
'0. 
"" 
." 
." 
"' 
,.. 
,.. 
'0 
" 
1 
.'., 
." 
, 
0'" 
1110 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
BNE 
BNE 
BEO 
BEO 
BCC 
BCC 
BCs 
BCs 
JSAn 
JMPn 
LOA 
sTA 
BRSED 
BSED 
· 


DEC 
, 


1111 
." 
"" 
." 
'0. 
"" 
." 
'0. 
." 
.., 
,.. 
" 
" , 
.'. , 
'" 
, 
0," 
1110 


Inherent 
Short Direct 
Bit TeS! and Branch 


ImmedIate 
Direct 
blended 


Relative 
Bit Set/Clear 
RegIster Indirect 


C,>,eles 


MnemoniC 


Bvtes 


The MCU has nine different 
addressing 
modes to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
It deals with 
objects 
in three 
dif- 
ferent 
address 
spaces: 
program 
space, data space, and 
stack space. The term "effective 
address" 
(EA) is used in 
describing 
the various 
addressing 
modes. 
Effective 
ad- 
dress is defined 
as the address from which the argument 
for an instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is lo- 
cated 
in program 
ROM. 
It is contained 
in the byte 
im- 
mediately 
following 
the 
opcode. 
The 
immediate 
addressing 
mode is used to access constants 
that do not 
change 
during 
program 
execution, 
such 
as a constant 
used to initialize 
a loop counter. 


DIRECT 


In the direct addressing 
mode, the effective 
address of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows the user to directly 
address 
the 256 bytes in memory 
with 
a single two-byte 
instruction. 


SHORT 
DIRECT 


In the short direct addressing 
mode, the MCU has four 
locations 
in data space RAM which 
it can use, ($80, $81, 


$82, and $83). The opcode 
determines 
the data 
space 
RAM location, 
and the instruction 
is only one byte. Short 
direct 
addressing 
is a subset 
of the 
direct 
addressing 
mode. The X and Y registers 
are at locations 
$80 and $81, 


respectively. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is obtained 
by concatenating 
the four 
least-significant 
bits of the opcode with the byte following 
the opcode 
to form 
a 12-bit address. 
Instructions 
using 
the extended 
addressing 
mode, such as JMP or JSR, are 
capable 
of branching 
anywhere 
in program 
space. An 
extended 
addressing 
mode instruction 
is two bytes long. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in condi- 
tional 
branch instructions. 
In relative addressing, 
the con- 


tents 
of the 8-bit 
signed 
byte (the offset) 
following 
the 
opcode 
is added 
to the 
PC if, and 
only 
if, the 
branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the 
next instruction. 
The span of relative 
addressing 
is from 


-15 
to + 16 from 
the opcode 
address. 
The programmer 
need not calculate 
the offset 
when 
using 
the Motorola 
assembler, 
since it calculates the proper offset and checks 
to see that it is within 
the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte in which 
the specified 
bit is to be set or cleared. 
Thus, any bit in 
the 256 locations 
of data space memory 
that can be writ- 
ten to can be set or cleared 
with 
a single 
two-byte 
in- 
struction. 


CAUTION 


The corresponding 
DDRs for ports A and B are write 
only 
registers 
(registers 
at $04, $05). A read oper- 
ation 
on these 
registers 
is undefined. 
Since 
BSET 
and 
BClR 
are 
read-modify-write 
functions, 
they 
cannot 
be used to set or clear a DDR bit; 
all "un- 
affected" 
bits would 
be set. Write 
all DDR bits in a 
port using a single-store 
instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit that 
is to be tested 
and its condition 
(set or clear) 
is 
included 
in the opcode. 
The data space address 
of the 
byte to be tested 
is in the single 
byte 
immediately 
fol- 
lowing 
the opcode 
byte. The third 
byte is sign extended 
to twelve 
bits and becomes 
the offset 
added to the PC if 
the condition 
is true. 
This 
single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of 
any readable 
bit in the 256 locations 
of memory. 
The span 
of branching 
is from 
- 125 to + 130 from 
the 
opcode 
address. The state of the tested 
bit is also transferred 
to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect 
addressing 
mode, the operand 
is at the address 
in data space pointed 
to by the contents 
of one of the 
indirect 
registers, 
X or Y. The particular 
indirect 
register 
is selected 
by bit 4 of the opcode. 
Bit 4 
decodes 
into an address that represents 
the register, 
$80 
or $81. A register-indirect 
instruction 
is one byte long. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
These instructions 
are one byte long. 


II 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-387 


• 


For 
most 
applications 
PPORT<PINT 
and 
can 
be 
ne- 
glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Oarlington 
bases 
or sink 
LEO loads. 


An 
approximate 
relationship 
between 
Po 
and 
TJ 
(if 
PPORT is neglected) 
is: 


PO=K+(TJ+273°C) 
(2) 
Solving 
equations 
(1) and (2) for K gives: 


K = Po 
0 (TA + 273°C) + 0JAoP02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 


K can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA' 
Using 
this 
value 
of K. 
the values 
of Po and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VOO 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
VSS - 0.3 
to 
V 
VOO+0.3 


Current 
Drain 
per Pin 
I 
10 
mA 
Excluding VOO and VSS 


Total Current for 
Sink 
I 
30 
mA 
Ports A, S, C EXTAL, TIM 
Source 
I 
15 


Operating Temperature 
Range (Comm.1 
TA 
o to 70 
'c 


Operating Temperature 
Range (Ind.) 
TA 
-40 
to +85 
'c 


Storage Temperature 
Range 
Tsta 
-55 
to +150 
'c 


Junction 
Temperature 
TJ 
°c 
Plastic 
150 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
9JA 
'CIW 
Plastic 
70 


The average 
chip-junction 
temperature. 
TJ. in °c can 
be obtained 
from: 


TJ=TA+(PooOJA) 
(1) 
where: 


TA 
°JA 


Po 


P'NT 
PPORT 


= Ambient 
Temperature. 
°c 


= Package 
Thermal 
Resistance. 


Junction-to-Ambient. 
°CfW 


= P,NT+ 
PPORT 


= 'CC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Oissipation, 


Watts 
- 
User 
Oetermined 


This 
device 
contains 
circuitry 
to protect 
the 
in- 
puts against damage due to high static voltages 
or electric fields. However, it is advised that nor- 
mal precautions 
be taken to avoid applications 
of 
any voltage higher than maximum-rated 
voltages 
to this high-impedance 
circuit. 
For proper oper- 
ation it is recommended 
that Vin and Vout be con- 


strained to the range VSS",(Vin)"'VOO. 
Reliability 
of operation 
is enhanced if unused inputs except 
EXTAL are connected to an appropriate 
logic volt- 


age level (e.g., either VSS or VCCI. 


Voo= 
+4.5V 


IOL/'OH = 800 fLA 
RL= RH=4.6 kfi 


VOO= +2.7V 


'OL/IOH = 200 fLA 
RL=RH=10.5 
kfi 


VOO= +2.0V 


'OL/IOH = 100 fLA 
RL=RH=16 
kfi 


Pin 
Under 
Test 
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Characteristic 
I 
Symbol 
Min 
I 
Typ 
Ma. 
I 
Unit 


IVOO= +5 Vdc ±10%. VSS=O 
Vdc; TA=O·C to 70·C 


Oscillator 
Frequency 
fosc 
0 
- 
11.0 
MHz 


PHI1 Clock Frequency 
fCl 
0 
- 
5.5 
MHz 


Cycle Time IMin) 
tcvc 
2.2 
- 
- 
ILS 


IRQ Pulse Width 
tlWl 
2 xtcvc 
- 
- 
ILS 


RESET Pulse Width 
RWl 
2xtcvc 
- 
- 
ILS 


Oscillator 
Clock Pulse Width 
tOl,tOH 
45 
- 
- 
ns 


VOO= +3 Vdc ±10%. VSS=O Vdc. TA=O·Cto 
70·C 


Oscillator 
Frequency 
fosc 
- 
- 
11 
MHz 


PHI1 Clock Frequency 
fCl 
- 
- 
4.2 
MHz 


Cycle Time (MinI 
tcvc 
2.9 
- 
- 
ILS 


IRQ Pulse Width 
tlWl 
2xtcvc 
- 
- 
ILs 


RESET Pulse Width 
tRWl 
2 xtcvc 
- 
- 
ILs 


Oscillator Clock Pulse Width 
tOl,tOH 
45 
- 
- 
ns 


VOO= +2.2 Vdc ±10%. VSS=O Vdc. TA=O·C to 70·C 


Oscillator 
Frequency 
fosc 
0 
- 
8.4 
MHz 


PHI1 Clock Frequency 
fCl 
0 
- 
2.1 
MHz 


Cycle Time (MinI 
tcvc 
5.7 
- 
- 
ILS 


IRQ Pulse Width 
tlWL 
2 xtcvc 
- 
- 
ILS 


RESET Pulse Width 
tRWl 
2 xtcvc 
- 
- 
ILS 


Oscillator Clock Pulse Width 
tOl.lOH 
45 
- 
- 
ns 


IO,CXXl 


1000 


;; 
~ 
~ 
100 
0 


0 
E 


E 


10 


Figure 10. Typical RUN Current vs 
Clock Frequency 
Figure 11. Typical WAIT Current vs 
Clock Frequency 
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Characteristic 
Symbol 
I 
Min 
Typ 
Max 
Unit 


VOO= +5 Vdc ±10%, VSS=O Vdc, TA=O·C to 70· C 


Output Voltage, ILoad(1O·0 fLA 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-0.1 
- 
- 


Output High Voltage, ILoad = + 800 fLA) 
Ports, TIM 
VOH 
VOO-0.4 
- 
- 
V 
Output Low Voltage, ILoad = + 800 fLAI 
Ports, TIM 
VOL 
- 
- 
0.4 


Input High Voltage 
Ports, TIM, XTAL, MOS 
VIH 
0.7 x VOO 
- 
VOO 
V 


IRQ, RESET 
VIH 
0.8x VOO 
- 
VOO 


Input Low Voltage 
Ports, TIM, XTAL, MOS 
VIL 
VSS 
- 
0.3xVOO 
V 


IRQ, RESET 
VIL 
VSS 
- 
0.2 xVOO 


Total Supply Current 
CL = 50 pF, Ports, TIM, 
RUN 
IOD 
- 
2 
3 
mA 
No dc load, tcyc = l/fCL 
(maxI. 
WAIT- 
IDD 
- 
0.5 
1 
mA 


VIL = 0.2 V, VIH ~ VDD - 0.2 V 
STOP' 
IDD 
- 
3 
5 
fLA 


1/0 Ports Input Leakage VSS(VI(VDD 
IlL 
- 
- 
±1 
fLA 


Input Current 
RESET, IRQ, TIM 
lin 
- 
- 
±1 
fLA 


Capacitance per Pin 
PORT~s 
Input or Output) 
Cout 
- 
- 
12 
pF 


RESET, IRQ, TIM, XTAL, MDS 
Cin 
- 
- 
8 


VOO= 
+ 3 Vdc ± 10%, VSS = 0 Vdc, TA = O·Cto 70·C 


Output Voltage, ILoad(1O.0 fLA 
VOL 
- 
- 
0.1 
V 
VOH 
VDD-0.1 
- 
- 


Output High Voltage, ILoad ~ - 200 fLAI 
Ports, TIM 
VOH 
VDD-0.3 
- 
- 
V 


Output Low Voltage, ILoad = + 200 fLA) 
Ports, TIM 
VOL 
- 
- 
0.3 


Input High Voltage 
Ports, TIM, XTAL, MDS 
VIH 
0.7xVDD 
- 
VDD 
V 
IRQ, RESET 
VIH 
0.8xVDD 
- 
VDD 


Input Low Voltage 
Ports, TIM, MDS, XTAL 
VIL 
VSS 
- 
0.3xVDO 
V 


IRQ, RESET 
VIL 
VSS 
- 
0.2xVDO 


Total Supply Current 


CL = 50 pF, Ports, TIM, 
RUN 
IDD 
- 
0.8 
1.5 
mA 


No dc load, tcyc = l/fCL(Maxl, 
WAIT- 
IDD 
- 
0.3 
0.5 
mA 


VIL = 0.2 V, VIH ~ VDD - 0.2 V 
STOP' 
IDD 
- 
1.5 
4 
fLA 


1/0 Ports Input Leakage VSS(VI(VDD 
IlL 
- 
- 
±1 
fLA 


Input Current 
RESET, IRQ, TIM 
lin 
- 
- 
±1 
fLA 


Capacitance per Pin 
PORT~s 
Input or Output) 
Cout 
- 
- 
12 
pF 
RESET, IRQ, TIM, XTAL, MDS 
Cin 
- 
- 
8 


VOO= 
+2.2 Vdc ±10%, VSS=O Vdc, TA=O·C to 70·C 


Output Voltage, ILoad(1O.0 fLA 
VOL 
- 
- 
0.1 
V 


VOH 
VDD-0.1 
- 
- 


Output High Voltage, ILoad= 
-100fLAI 
Ports, TIM 
VOH 
VDD-0.3 
- 
- 
V 


Output Low Voltage, ILoad= 
+100 fLAI 
Ports, TIM 
VOL 
- 
- 
0.3 


Input High Voltage 
Ports, TIM, XTAL, MDS 
VIH 
0.7xVDD 
- 
VDD 
V 


IRQ, RESET 
VIH 
0.8xVDD 
- 
VOD 


Input Low Voltage 
Ports, TIM, MDS, XTAL 
VIL 
VSS 
- 
0.3xVDO 
V 
IRQ, RESET 
VIL 
VSS 
- 
0.2 xVOD 


Total Supply Current 
CL = 50 pF, Ports, TIM, 
RUN 
IDD 
- 
0.6 
1 
mA 


No dc load, tcyc~ 1/fCL(Max), 
WAIT' 
IDD 
- 
0.2 
0.3 
mA 


VIL = 0.2v, VIH = VDD - 0.2 V, 
STOP' 
IDD 
- 
1 
3 
fLA 


1/0 Ports Input Leakage VSS(VI(VDD 
IlL 
- 
- 
±1 
fLA 


Input Current 
REST, IRQ, TIM 
lin 
- 
- 
±1 
fLA 


Capacitance per Pin 
PORT~s 
Input or Outputl 
Cout 
- 
- 
12 
pF 
RESET, IRQ, TIM, XTAL, MDS 
Cin 
- 
- 
8 


*Measured under the following conditions: 


- All ports and timer pin are configured 
as input 
- EXTAL is open circuit 


- XTAL is driven by a square wave input 
- port pull downs not enabled 


NOTE: Typical pull-down 
sink current for Vout=VDD 
is 50 fLA. 
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The following 
information 
is required 
when 
ordering 
a 


custom 
MCU. 
The 
information 
may 
be transmitted 
to 


Motorola 
using the following 
media: 


MOOS, disk file 
MS-DOS 
disk file (360K) 


EPROM(s) 2516, 2716, 2532, 2732 


To initiate 
a ROM pattern 
for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks (MOOS® 
or MS®-DOS 


disk file), programmed 
with the customer's 
program 
(po- 


sitive logic sense for address and data), may be submitted 
for pattern 
generation. 
The diskette 
should 
be clearly 
la- 


beled with the customer's 
name, date, project 
or product 
name, 
and the filename 
containing 
the pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 


program 
source 
code listing 
can be included. 
This data 


will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the pattern 
file. 


MOOS 
Disk File 


MOOS is Motorola's 
Disk Operating 
System 
available 


on the EXORciser® development 
system. 
The disk media 


submitted 
must 
be a single-sided, 
single-density, 
8-inch 
MOOS compatible 
floppy 
diskette. The diskette 
must con- 


tain the minimum 
set of MOOS system 
files 
in addition 


to the pattern 
file. 


The .LO output 
of the M6804 cross assembler 
should 


be furnished. 
In addition, 
the file must be produced 
(using 


the ROLLOUT command) 
containing 
the absolute 
image 


of the M6804 memory. 
It is necessary to include the entire 


memory 
image 
of both 
program 
and data space. All un- 


used bytes, 
including 
those 
in the user space, 
must 
be 


set to logic zero. 


MS·DOS/PC-DOS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
Disk 
media 
submitted 
must 
be standard 
density 
(360K), dou- 


ble-sided 
5 1/4 inch compatible 
floppy 
diskette. 
The dis- 


kette 
must 
contain 
the 
object 
file 
code 
in 
Motorola's 


5-record 
format. 
The 5-record 
format 
is a character-based 


object 
file format 
generated 
by M6804 cross assemblers 


and linkers 
on IBM® PC style machines. 


EPROMS 


Four K of EPROM are necessary 
to contain 
the entire 


MC68HC04J3 
program. 
Two 2516 or 2716 type EPROMs 
or a single 
2532 or 2732 type 
EPROM can be submitted 


MOOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft. Inc. 
EXORciser is a registered trademark of Motorola Inc. 
IBM is a registered trademark of Internal Business Machines Corporation. 


for pattern 
generation. 
The EPROM is programmed 
with 
the customer 
program 
using positive 
logic sense for ad- 


dress 
and data. 
Submissions 
on two 
EPROMs must 
be 
clearly 
marked. 
All 
unused 
bytes, 
including 
the 
user's 
space, must 
be set to zero. 


If the MC68HC04J3 
MCU ROM pattern 
is submitted 
on 
one 2532 or 2732 EPROM, or on two 
2516 or 2716 type 


EPROMs, 
memory 
map 
addressing 
is one-for-one. 
The 
data space ROM runs from 
EPROM address $018 to $05F 
and program 
space ROM runs from 
EPROM address $970 
to $FF7, with 
vectors 
from 
$FFC to $FFF. 


For shipment 
to Motorola, 
EPROMs should 
be placed 
in a conductive 
IC carrier and packed securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media, EPROMs or floppy 
disks, are 


filed 
for 
contractual 
purposes 
and are not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along with a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked, 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the contractual 


agreement 
for the creation 
of the customer 
mask. To aid 
in the verification 
process, 
Motorola 
will 
program 
cus- 


tomer supplied 
blank 
EPROM(s) 
or DOS disks from 
the 
data file used to create the custom 
mask. 


ROM Verification 
Units 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 
be sent for 
program 
verification. 
These 
units 
will 
have 


been made 
using 
the custom 
mask but are for the pur- 


pose of ROM verification 
only. For expediency, 
the MCUs 


are unmarked, 
packaged 
in ceramic, 
and tested with five 
volts at room temperature. 
These RVUs are free with 
the 


minimum 
order 
quantity 
but 
are not 
production 
parts. 


These RVUs are not guaranteed 
by Motorola 
Quality 
As- 


surance. 


Ordering 
Information 


The following 
table 
provides 
generic 
information 
per- 


taining 
to the package type, temperature, 
and order num- 


bers for the MC68HC04J3. 


Package Type 
Temperature 
Order Number 


Plastic 
O°Cto 70°C 
MC68HC04J3P 


IP Suffix) 
- 40°Cto + 85°C 
MC68HC04J3CP 
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• 


Vss 
~ 


ill<5 
PA7 


VCC 
3 
'8 
PM 


EXTAL 
4 
17 
PAS 


XTAL 
5 
'6 
PA4 


MDS 
6 
15 
P87 


TIMER 
7 
'4 
PB6 


PBO 
8 
13 
P85 


P81 
8 
'2 
P84 


P82 
'0 
11 
PB3 


MOTOROLA MICROPROCESSOR DATA 


3-392 


MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Product Preview 
8-Bit HCMOS Microcontroller Unit 


The MC68HC04P4 
Microcontroller 
Unit 
(MCU) 
device 
is a member 
of the 
M68HC04 
Family 
of low- 
cost, 
low-power, 
single-chip 
microcontrollers. 
It is designed 
for the 
user who 
needs 
an economical 
MCU 
with 
the 
proven 
capabilities 
of the 
M6805-based 
instruction 
set. 


The following 
are some 
of the hardware 
and software 
features 
of the 
MC68HC04P4. 


• 
HCMOS 
Technology 


• 
Power 
Saving 
STOP and WAIT 
Modes 


• 
156 Bytes 
of RAM 


• 
3744 Bytes 
User 
ROM (including 
RESET and 
IRQ vectors) 


• 
72 Bytes 
of Data ROM 


• 
352 Bytes 
of Selfcheck 
ROM 


• 
20 Bidirectional 
Memory 
Mapped 
I/O 


• 
Versatile 
Indirect 
X and Y Registers 


• 
On-Chip 
Clock 
Generator 


• 
Master 
and Power-Up 
Reset 


• 
External 
and Timer 
Interrupts 


• 
Single 
2-6 Volt 
Supply 


• 
Byte Efficient 
Instruction 
Set 


• 
True 
Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
Conditional 
Branch 


• 
Single 
Instruction 
Memory 
Examine/Change 


• 
Timer 
Pin is Software 
Programmable 
as Clock 
Input 
or Timer 
Output 


• 
9 Powerful 
Addressing 
Modes 


• 
STOP and WAIT 
Instructions 


• 
Crystal/Ceramic 
Resonator 


• 
User's 
Selectable 
QQ!ions 
- 
Pull-ups 
on IRQ and RESET 
- 
Crystal 
or Ceramic 
Resonator 
Oscillator 
or Special 
Resistor 
and Capacitor 
- 
Interrupt, 
Edge Sensitive, 
or Special 
Level-Sensitive, 
or Edge and 
Level 
Sensitive 


• 
28-Pin 
DIP and 
PLCC Package 
• 
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r 


OSCilLATOR 


M68HC04 
2 


fAMilY 


PROCESSOR 


POWER 
2 


156 BYTES 


RAM 


CONTROL 


BIDIRECTIONAL 


2 


1/0 PORT 
r 


3744 BYTES 


PINS 
USER ROM 
-'" 
EXTERNAL 


INTERRUPT 


72 BYTES DATA 


ROM 


-'" 
8·BIT 
- 
TIMER 


356 BYTES 


BDOTSTRAP 


ROM 
- 


CRYSTAl,¢¢ 


RESONATOR, 


OR RC 


5VDlTSY 


RESET~ 


ANDMODE~ 
• 
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Product Preview 
One Time Programmable 
ROM (OTPROM) 
or 
Standard Eraseable Programmable 
Read-Only 
Memory 
(EPROM) Microcomputer 


The MC68HC704P4 
Microcomputer 
Unit 
(MCU) 
device 
is similar 
to the MC68HC04P4 
with 
the fol- 
lowing 
exceptions. 
The exceptions 
incorporate 
3740 bytes 
of One Time 
Programmable 
Read-Only 
Memory 
(OTPROM) 
or Standard 
Eraseable 
Programmable 
Read-Only 
Memory 
(EPROM) 
and 
124 
bytes 
of RAM 
(refer 
to the block 
diagram). 


The following 
are some 
of the hardware 
and software 
features 
of the 
MC68HC704P4. 


• 
HCMOS 
Technology 


• 
Power 
Saving 
STOP and WAIT 
Modes 


• 
124 Bytes 
of RAM 


• 
3740 Bytes 
of OTPROM 
or EPROM 
(including 
RESET and IRQ vectors) 


• 
72 Bytes 
of Data PROM/EPROM 


• 
352 Bytes 
of Selfcheck 
ROM 


• 
20 Bidirectional 
Memory 
Mapped 
I/O 


• 
Versatile 
Indirect 
X and Y Registers 


• 
On-Chip 
Clock 
Generator 


• 
Master 
Reset 


• 
External 
and Timer 
Interrupts 


• 
Single 
2-6 Volt 
Supply 


• 
Byte Efficient 
Instruction 
Set 


• 
True 
Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
Conditional 
Branch 


• 
Single 
lnstruction 
Memory 
Examine/Change 


• 
Timer 
Pin is Software 
Programmable 
as Clock 
Input 
or Timer 
Output 


• 
9 Powerful 
Addressing 
Modes 


• 
STOP and WAIT 
Instructions 


• 
Crystal/Ceramic 
Resonator 


• 
OTPROM/EPROM 
Option 
Register 
User's 
Options 
-Edge 
or Level 
IRQ 
-Oscillator 
Divide 
Ratio 
(by 1, 2, or 4) 
-OTPROM/EPROM 
Content 
Protection 


• 
OTPROM/EPROM 
Self-Programming 
Mode 


• 
OTPROM/EPROM 
Contents 
Verification 
by On-Chip 
Signature 
Analysis 


• 
28-Pin 
DIP (OTPROM) 
Package 


• 
28-Pin 
DIP (EPROM 
Window) 
Package 
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OSCILLATOR 
M68HC04 
1 


fAMILY 


PROCESSOR 


POWER 
1 


114 BYTES 


RAM 


1 
CONTROL 


3740 
BYTES 
BIDIRECTIONAL 
110 PORT 
USER 
PROGRAM 
PINS 
EXTERNAL 
OTPROM 
INTERRUPT 
EPROM 


72 BYTES 
OATA 


OTPROM 


EPROM 


8-BIT 
TIMER 


356 BYTES 


BOOTSTRAP 


ROM 
I 


CRYSTA~¢=; 
RESONATOR, 


OR RC 


5VOLTSC==; 


RESET~ 


ANOMOOE~ 
• 
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Technical Summary 
8-Bit Microcomputer Unit 


The MC6805P2 
(HMOS) 
Microcomputer 
Unit (MCU) is a member 
of the MC6805 Family 
of micro- 
computers. 
This low cost and high speed 
MCU has parallel 
110 capability 
with 
pins programmable 
as input 
or output. 
This publication 
contains 
condensed 
information 
on the MCU; for detailed 
infor- 
mation, 
refer to M6805 
HMOS, 
MI46805 
CMOS 
Family 
User's 
Manual 
(M6805UM(AD2)) 
or contact 
your 
local Motorola 
sales office. 


Refer to the block diagram 
for the hardware 
features 
and to the below 
list for additional 
features 
available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
110 


• 
Versatile 
Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
20110 
Ports 


• 
Vectored 
Interrupts 


• 
64 Bytes RAM 


• 
Low Voltage 
Inhibit 
Option 


• 
Self-Check 
Mode 


• 
Master 
Reset 


• 
1100 Bytes ROM 


PBO 
Accumulator 
PBI 
a 
A 
CPU 
PB2 
Port 
Data 
Port 
Index 
Control 
Oir. 
B 
PB3 
B 


Register 
Reg. 
Reg. 
PB4 
I/O 
PAO 
a 
x 
PB5 
Lines 
PAl 
Condition 
PB6 
Port 
PA2 
PorI 
Dala 
Code 
PB7 
A 
PA3 
A 
Dir. 
Register 
CC 
I/O 
PA4 
CPU 


Lines 
PA5 
Reg. 
Reg 
Stack 


PA6 
5 


POinter 
SP 
PAl 
Program 
Dala 
Port 
PCO 
Port 


Counter 
Dir. 
C 
PCI 
C 


High 
PCH 
Reg. 
Reg. 
PC2 
I/O 


AlU 
PC3 
Lines 
1100xa 
Program 
User 
ROM 
Counter 


116 X a Self- 
a 
low 
PCl 


Check 
ROM 


• 
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Vcc AND VSS 


Power 
is supplied 
to the 
microcomputer 
using 
these 


two 
pins. 
VCC is + 5.25 volts 
(± O.5M power, 
and VSS is 
ground. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 


plying 
an external 
interrupt 
to the MCU. 
Refer to INTER- 


RUPTS 
for additional 
information. 


NUM 
(Non-User 
Model 


This 
pin is not for 
user applications 
and 
must 
be con- 


nected 
to VSS. 


EXTAL,XTAL 


These 
pins 
provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a ceramic 
resonator, 
a resistor/ 


capacitor 
combination, 
or an external 
signal 
(depending 


5 XTAL 
0 
MCU 


4 EXTAL 


CL ::r:- 


Crystal 


Crystal Parameters 


upon selected 
manufacturing 
mask options) 
is connected 


to these 
pins to provide 
a system 
clock. 


RC Oscillator 


With this option, 
a resistor 
is connected 
to the oscillator 


pins 
as shown 
in Figure 
1. The 
relationship 
between 
R 
and fosc 
is shown 
in Figure 
2. 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using 
a crystal. 
Using 
an external 
CMOS oscillator 
is rec- 


ommended 
when 
crystals 
outside 
the 
specified 
ranges 
are to be used. 
The crystal 
and 
components 
should 
be 


mounted 
as close 
as possible 
to the 
input 
pins 
to mini- 


mize output 
distortion 
and startup 
stabilization 
time. 
Re- 


fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VCC 


specifications. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL 
input 
with 
the 
XTAL 
input 
connected 
to ground, 
as shown 
in 
Figure 
1. 


External 


Clock 
4 EXTAL 
Input 


ApprOXimately 25% to 50% Accuracy 


Typical tcyc = 1.25 p'S 
External Jumper 


~~XTAL~E--------J 
5 


ApprOXimately 10% to 25% Accuracy 
(Excludes ReSistor Tolerancel 
External Resistor 


NOTE: The recommended 
CL value with a 4.0 MHz crystal is 27 pF maximum 
including 
system distributed 
capacitance. There is an 
internal capacitance of approximately 
25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 


on each pin should be scaled as the inverse of the frequence 
ratio. For example, with a 2 MHz crystal, use approximately 


50 pF on EXTAL and approximately 
25 pF on XTAL. The exact value depends on the motional-arm 
parameters of the crystal 
used. 


AT - 
Cut Parallel Resonance Crystal 
Co= 7 pF Max. 
Freq = 4.0 MHz@CL = 24 pF 
RS = 50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications 
may be 


used instead of crystal oscillators. 
Follow 


ceramic 
resonator manufacturer's 
sug- 


gestions for CO' C1, and RS values. 
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Figure 
2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
only 


TIMER 


This pin can be used as an external 
input 
to control 
the 
internal 
timer/counter 
circuitry 
or gating 
<1>2input to timer, 
depending 
on mask 
option. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 


pullup. 
The MCU 
can be reset 
by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO-PA7, 
PBO-PB7, PCO-PC3) 


These 
20 lines are arranged 
into two 
B-bit ports 
(A and 


B) and one 4-bit 
port (C). Ports A, B, and C are programm- 
able 
as either 
inputs 
or outputs 
under 
software 
control 


of the data direction 
registers. 
Refer to PROGRAMMING 


for additional 
information. 


INPUT/OUTPUT 
PROGRAMMING 


Any port pin is programmable 
as either 
input 
or output 
under 
software 
control 
of the corresponding 
data direc- 
tion 
register 
(DDR). The port 
I/O programming 
is accom- 
plished 
by writing 
the corresponding 
bit in the port 
DDR 


to a logic 
1 for output 
and a logic 
0 for 
input. 
On reset, 
all the 
DDRs are initialized 
to a logic 
0 state 
to put the 
ports 
in the input 
mode. 
The port output 
registers 
are not 
initialized 
on reset and should 
be written 
to before 
setting 
the 
DDR bits. 
When 
programmed 
as outputs, 
the latched 
output 
data 
is readable 
as input 
data regardless 
of the logic 
levels 
at 


the output 
pin due to output 
loading. 
The latched 
output 
data 
bit may 
always 
be written. 
Therefore, 
any write 
to 


a port writes 
all of its data bits, even though 
the port DDR 
is set to 
input. 
This 
may 
be used 
to 
initialize 
the 
data 
registers 
and avoid 
undefined 
outputs. 
Care must 
be ex- 
ercised 
when 
using 
read-modify-write 
instructions 
since 
the 
data 
read corresponds 
to the 
pin level 
if the 
DDR is 
an input 
(0) and also to the latched 
output 
when 
the DDR 


is an output 
(1). Refer to Table 
1 for 
I/O functions 
and to 
Figure 
3 for typical 
port 
circuitry. 


Table 
1. I/O Pin Functions 


Data 
Output 
Output 
Input 
Direction 
Data 
State 
To 
Register 
Bit 
MCU 
Bit 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi-Z 
Pin 


The MCU is capable 
of addressing 
204B bytes 
of mem- 


ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The locations 
consist 
of 1092 bytes 
of user ROM, self- 
check 
ROM, 
user RAM, 
a timer 
control 
register, 
and 
I/O. 3 


The user interrupt 
vectors 
are located 
from 
$7FB to $7FF. 


The stack area is used during 
processing 
of an interrupt 


or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes 
and increments 
during 
pulls. 
Refer to INTERRUPTS 
for additional 
information. 


Using 
the stack area for data storage 
or temporary 


work 
locations 
requires 
care to prevent 
it from 
being 


overwritten 
due 
to 
stacking 
from 
an 
interrupt 
or 


subroutine 
call. 


REGISTERS 


The 
MCU 
contains 
the 
registers 
described 
in the 
fol- 


lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The 
accumulator 
is a general 
purpose 
B-bit 
register 


used 
to 
hold 
operands 
and 
results 
of arithmetic 
calcu- 
lations 
or data 
manipulations. 


o 


___ 
A 
I 


INDEX 
REGISTER 
(X) 


The index 
register 
is an B-bit 
register 
used 
for the 
in- 
dexed 
addressing 
mode. 
It contains 
an B-bit 
value 
that 


may be added 
to an B- or 16-bit 
immediate 
value 
to create 
an effective 
address. 
The index 
register 
may also be used 


as a temporary 
storage 
area. 


7 
I 
X 


PROGRAM 
COUNTER 
(PCI 


The program 
counter 
is an ll-bit 
register 
that 
contains 
the address 
of the next 
byte to be fetched. 


10 
8 
7 
0 
I 
PCH 
I 
PCL 
I 
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V> 
C 


'"Q 
c - 
~ u 
Q) 
Q) 
- 
c 
C 
C 
- 0 
u 


Dat8 
Direction Register 
Bit· 


Latcl:)ed 
Output 


Data 
Bil 


PORT DATA DIRECTION REGISTER lDDR) 
7 
0 


1 
1 


(1) Write Only; reads as all "ls" 
(2) 1=Output; a-Input. 
Cleared to 0 by _. 


(3) Port A Addr= $004 
Port B Addr=$006 
Port C Addr= $006 (Bits 0-31 


Figure 3. Typical 
Port I/O Circuitry 
and 
Register 
Configuration 


Half Carry (H) 


This bit is set during 
ADD and ADC operations 
to in- 


dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 


masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched 
and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
IN) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 


(bit 7 in the result 
is a logic 
1). 


Zero IZ) 


When 
set, this 
bit indicates 
that 
the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
(C) 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


o 


_____ 
1 


Port A Addr=$()()() 
Port B Addr= $001 
Port C Addr= $002 (Bits 0-31 


STACK POINTER (SP) 


The stack pointer 
is an 11-bit register 
that contains 
the 
address 
of the next free location 
on the stack. During 
an 
MCU 
reset or the 
reset stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed onto the stack and 
incremented 
as data is pulled 
from 
the stack. 


The six most-significant 
bits 
of the stack 
pointer 
are 
permanently 
set at 000011. 
Subroutines 
and 
interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 


mum!. 
which 
allows 
the 
programmer 
to use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


10 
5 
4 
0 


~ 
SP 
I 


CONDITION 
CODE REGISTER ICC) 


The condition 
code register 
is a 5-bit register 
in which 
four 
bits are used to indicate 
the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program, 
and specifications 
can be taken 
as a result 
of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 


4 
0 


~ 
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0 
7 
6 
5 
4 
3 
2 
1 
0 


000 
I/O Ports 
SOOO 
0 
PortA 
$000 


Timer 
Port B 
SOOl 
Page Zero 
RAM 
Access with 
1128 Bytes) 
S07F 
2 
1 1 1 1 
Port C 
$002 
127 
Short 
128 
SOOO 
3 
Not Used 
S003 
Instructions 
Page Zero 
User ROM 
4 
PortA 
DDR 
$004* 


112BBytes! 
SOFF 
5 
Port BOOR 
$005* 
255 
256 
Sl00 
6 
Not Used 
PortCDDR 
$006* 
Not Used 


959 
(704 Bytesl 
7 
Not Used 
S007 


960 
8 
Timer Data Reg 
$006 


Main User 
9 
Timer Control Reg 
SOO9 


ROM 
10 
$OOA 


(964 Bytes) 
Not Used 


1923 
S783 
63 
154 Bytes) 
S03F 


1924 
S784 
64 
$040 
Self Check 
ROM 
RAM 


2039 
1116 Bytes! 
(64 Bytes! 
S7F7 
r 


Timer Interrupt 
S7FB 
2041 
S7F9 


Interrupt 
~~ 
---- 
S7FA 
External Interrupt 
S7FB 
Vectors 
2044 
---- 
S7FC 
2045 
SWI 
S7FD 
2046 
---- 
S7FE 
2047 
Reset 
S7FF 
$07F 


'Caution: 
Data direction 
registers (DDRs) are write-only, 
set to $FF. 


Figure 
4. Memory 
Map 


The self 
check 
is initiated 
by connecting 
the 
MCU 
as 
shown 
in Figure 
5 and then 
monitoring 
the output 
of port 
C (bit 
3) for 
an oscillation 
of approximately 
7 Hz. The 
following 
tests 
are executed 
automatically: 
1/0 - 
functionally 
exercise 
1/0 ports 
RAM - 
walking 
bit test 
ROM - 
exclusive 
OR with 
ODD "1s" 
parity 
result 
Timer 
- 
functionally 
exercise 
timer 
Interrupts 
- 
functionally 
exercise 
external 
and 
timer 
interrupts 
Table 
2 shows 
the status 
of the 
LEDs as a result 
of a 
failure. 
Port C is tested 
only 
once (just after 
reset). 
If port 
C fails, 
no lights 
will 
appear. 


PC, 
pca 
Problem 
a 
a 
Interrupt 
Failure 
a 
, 
Bad Port A or Port B 
, 
a 
Bad RAM 
, 
1 
Bad RAM 


All 4 LEOs Flashing 
Good Device 


The MCU can be reset three 
ways: 
(1) by initial 
power- 
up, (2) by the external 
reset 
input 
(RESET), and (3) by an 
optional, 
internal, 
low-voltage 
detect 
circuit. 
The RESET 
input 
consists 
mainly 
of a Schmitt 
trigger 
that senses 
the 
RESET line 
logic 
level. 


POWER-ON-RESET 
(POR) 


An internal 
reset is generated 
on power-up 
that 
allows 
the 
internal 
clock 
generator 
to 
stabilize. 
The 
power-on 
reset 
is used 
strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect 
any drop in the power 
supply 
voltage. 
A delay 
of tRHL 
milliseconds 
is required 
before 
allowing 
the 
RESET input 
to go high. 
Connecting 
a ca- 
pacitor 
to the 
RESET input 
(Figure 
6) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The 
MCU 
is reset 
when 
a logic 
zero 
is applied 
to the 
RESET input 
for a period 
longer 
than 
one machine 
cycle 
(tcyel. Under this type of reset, the Schmitt 
trigger 
switches 
off at VIRES - 
to provide 
an internal 
reset voltage. 


LOW-VOLTAGE 
INHIBIT 
(LVI) 


The optionai 
low-voltage 
detection 
circuit 
causes 
a re- 
set of the MCU 
if the power 
supply 
voltage 
falls 
below 
a 
certain 
level (VLVI). The only 
requirement 
being 
that VCC 
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DATA 
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• 


.._,.-,.--- 


2 
iNT 
MC6805P2 
PA7 
27 


PA6 
26 


RESET 
28 mrr 
25 
PA5 
1 


::r: 


1.0 
"F 
PA4 
24 


5 
XTAL 
PA3 
23 


PA2 
22 


* 4 
EX TAL 
PAl 
21 


PAO 
20 


+9 
V 
10 k 
7 
TIMER 


P87 
19 


6 
NUM 
PB6 
18 


VCC 
PB5 
17 


PB4 
16 


5100 
PB3 
15 
PCO 


5100 
PC1 
PB2 
14 


5100 
PC2 
PB1 
13 


5100 
PC3 
PBO 
12 


Vcc=Pin3 
VSS=Pln 
1 


• This connection depends on the clock oscillator user selectable mask option 
Use crystal if crystal option is selected. 


The MCU can be interrupted 
three 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with 
the 


internal 
timer 
interrupt 
request, 
or (3) using the software 


interrupt 
instruction 
(SWI). 


Interrupts 
cause the processor 
registers 
to be saved on 
the 
stack and the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from 
the stack and then 
normal 
processing 
resumes. 
The stacking 
order is shown 
in Figure 7. 


Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted 
but are con- 


sidered 
pending 
until the current 
instruction 
is complete. 


must remain 
at or below 
the VLVI threshold 
for one tcyc 


minimum. 


In typical 
applications, 
the VCC bus filter capacitor 
will 
eliminate 
negative-going 
voltage glitches 
of less than one 
tcyc. 
The 
ouput 
from 
the 
low-voltage 
detector 
is con- 
nected directly 
to the internal 
reset circuitry. 
It also forces 


the RESET pin low via a strong 
discharge 
device through 
a resistor. 
The internal 
reset is removed 
once the power 
supply 
voltage 
rises above 
a recovery 
level 
(VLVR), at 
which 
time 
a normal 
power-on 
reset occurs. 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being operated 
on. 


When the current 
instruction 
is complete, 
the processor 


checks all pending 
hardware 
interrupts 
and if unmasked 
(I bit clear) 
proceeds 
with 
interrupt 
processing; 
other- 


wise, the next instruction 
is fetched and executed. Masked 


interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
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5 
4 
3 
2 
1 
0 
Pull 
Condition 


n-4 
1 1 
Code Register 
n+ 1 


n-3 
Accumulator 
n+2 


n-2 
Index Register 
n+3 


timer 
interrupt 
status 
bit is cleared 
before 
unmasking 
the 


interrupt. 
then 
the interrupt 
is not 
latched. 


If both 
an external 
interrupt 
and 
a timer 
interrupt 
are 
pending 
at the 
end 
of an instruction 
execution, 
the 
ex- 
ternal 
interrupt 
is serviced 
first. 
The SWI is executed 
the 
same 
as any 
other 
instruction 
regardless 
of the 
setting 
of the 
I bit. 
Refer to Figure 
8 for the 
reset 
and 
interrupt 
instruction 
processing 
sequence. 


PuSh 
• For subroutine 
calls. only PCH and PCl are stacked. 


TIMER 
INTERRUPT 


If the timer 
mask 
bit (TCR6) is cleared, 
then 
each time 


the timer 
decrements 
to zero (transitions 
from 
$01 to $00) 
an interrupt 
request 
is generated. 
The 
actual 
processor 


interrupt 
is generated 
only 
if the interrupt 
mask 
bit of the 


condition 
code 
register 
(CCR) is also 
cleared. 
When 
the 


1-1 
Bit I,n CCI 
07F-SP 
O-DDRs 


CLR INT Logic 


FF-T,mer 


7F -Prescaler 


7F-TCR 


Load PC 
from 


7FE17FF 


• 


Load PC From: 
SWI: 7FC17FD 
INT: 7FA17FB 
TIMER 7F817F9 


Execute All 
Instruction 
Cycles 
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interrupt 
is recognized, 
the current 
state of the machine 
is pushed 
onto 
the stack 
and the 
I bit in the CCR is set, 
masking 
further 
interrupts 
until 
the present 
one is serv- 
iced. The contents 
of the timer 
interrupt 
vector, 
contain- 


ing the 
location 
of the timer 
interrupt 
service 
routine, 
is 
then 
loaded 
into the program 
counter. 
At the end of the 
timer 
interrupt 
service 
routine, 
the software 
normally 
ex- 
ecutes an RTI instruction 
which 
restores 
the machine 
state 
and starts 
executing 
the interrupted 
program. 


EXTERNAL 
INTERRUPT 


The 
external 
interrupt 
is interna!!y-synchronized 
and 
then 
latched 
on the falling 
edge of INT. Clearing 
the I bit 
enables 
the 
external 
interrupt. 
The 
MC6805P2 
only 
re- 
quires 
negative 
edge-sensitive 
trigger 
interrupts. 
The fol- 
lowing 
paragraphs 
describe 
two typical 
external 
interrupt 
circuits. 


Zero-Crossing 
A sinusoidal 
input 
signal 
(fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 
9a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the 
ac sinusoid). 
This 
type 
of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every 
zero crossing 
of the ac signal 
and thereby 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 
With 
this type 
of circuit 
(Figure 
9b), the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
freque"!£L 
of a 
signal 
that 
can 
be recognized 
by the 
TIMER 
or INT pin 
logic 
is dependent 
on the 
parameter 
labeled 
tWL, twH· 
Refer to TIMER 
for additional 
information. 


SOFTWARE 
INTERRUPT 
ISWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state 
of the 
I bit in the CCR. If the I bit 
is zero, 
SWI executes 
after the other 
interrupts. 
The SWI 
execution 
is similar 
to the hardware 
interrupts. 


ac 
{Current 


Input 
(tINT 
Ma)(.)~lm'tlngl 
2 
iN'T 
Rs' 
MO 
aclnput:s 
A 
0.1-1.0 
10 Vac pop 
~F 


The MCU 
consists 
of an 8-bit 
software 
programmable 
counter 
driven 
by a 7-bit 
software 
programmable 
pres- 
caler. The timer 
source 
is made 
during 
manufacturing 
as 
a mask 
option. 
The 8-bit 
counter 
may 
be loaded 
under 
program 
control 
and is decremented 
toward 
zero. When 
the timer 
reaches 
zero, the timer 
interrupt 
request 
bit (bit 
7) in the timer 
control 
register 
(TCR) is set. Refer to Figure 
10 for timer 
block 
diagram_ 


The timer 
interrupt 
can be masked 
(disabled) 
by setting 
the timer 
interrupt 
mask 
bit (bit 6) in the TCA. When 
the 
I bit in the condition 
code 
register 
is cleared, 
the proces- 
sor receives 
the interrupt. 
The MCU 
responds 
to this 
in- 
terrupt 
by 1) saving 
the present 
CPU state 
on the stack, 


2) fetching 
the 
timer 
interrupt 
vector, 
and 
3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request 
bit must 
be 
cleared 
by 
software. 
Refer 
to 
RESETS 
and 
INTER- 
RUPTS 
for additional 
information. 
The prescaler 
is a 7-bit 
divider 
which 
is used to extend 
the 
maximum 
length 
of the 
timer. 
To avoid 
truncation 
errors, 
the 
prescaler 
is cleared 
when 
TCR bit 3 is set to 
a logic 
1; however, 
the TCR bit 3 always 
reads as a logic 
o to ensure 
proper 
operation 
with 
read-modify-write 
in- 
structions. 


The timer 
continues 
to count 
past zero, falling 
from 
$00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time 
by reading 
the timer 
data register 
(TDR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 
turbing 
the counting 
process_ Three 
machine 
cycles 
are 
required 
for a change 
in state 
of the TIMER 
pin to dec- 
rement 
the timer 
prescaler. 
Clock input 
to the timer 
can be from 
an external 
source 
or from 
the internal 
phase two 
signal. 
Clock source 
is one 
of the 
mask 
options 
available. 
A prescaler 
mask 
option 
is also 
available 
that 
can 
provide 
up to a maximum 
of 
128 counts 
to the clock 
input. 


NOTE 


If <1>2is used 
timer 
input 
should 
be tied 
to VCC. If 
low, 
it will 
gate <1>2off. 


TTL 
Level 
DIgital 
Input 
lJ 
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TIMER 
Input 


Pin 


r------ ..• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'------_. 
Manufacturing 
Mask 


Options 


Timer 


Interrupt 
Mask ITIMI 
NOI Used 
~---"~---~ 


TIMER 
CONTROL 
REGISTER 
(TCR) $009 


This 8-bit register 
controls 
timer 
interrupt 
request 
and 
inhibit 
signals. 


7 
6 


TIR - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 
1= Set when the timer 
data register 
changes to all 
zeros 
0= Cleared 
by external 
reset, power-on 
reset, or 
under program 
control 
TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt 
1 = Interrupt 
inhibited 
0= Interrupt 
enabled 
Bits 5 through 
0 
Not used 


The MCU has a set of 59 basic instructions. 
They can 
be divided 
into five different types: register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 


erand is either the accumulator 
or the index register. The 
other operand 
is obtained 
from memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) and 


jump 
to subroutine 
(JSR) instructions 
have no register 
operand. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting 
or clearing 
any bit which 
resides in the first 256 bytes of the memory 
space, where 
all port registers, 
port DDRs, timer, 
timer control, 
and on- 
chip 
RAM reside. 
An additional 
feature 
allows 
the soft- 
ware 
to test and branch 
on the state 
of any bit within 
these 256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all implemented 
with 
a single 
in- 


struction. 
For test and branch 
instructions, 
the value 
of 
the bit tested is also placed in the carry bit of the condition 


• 
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code 
register. 
Refer to the following 
list for 
bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O. 
.. 71 


Branch if Bit n is Clear 
BRCLR n (n=O. 
.. 7) 


Set Bit n 
BSETn(n=O. 
.. 7) 


Clear Bit n 
BCLR n (n=O. 
.71 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the modified 
value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero (TST) 
instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate 12's Complementl 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for 
branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Samel 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
IBLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEG 


Function 
Mnemonic 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt 
Line is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software 
Interrupt 
SWI 


Return 
from 
Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 
3 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data tables, 
code 
con- 
version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions, 
while 
the longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and 
long 
absolute 
addressing 
is also 
included. 
Two 
byte 
di- 
rect addressing 
instructions 
access all data bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach 
all memory. 
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The term "effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the 
address 
from 
which 
the argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. The 
immediate 
addressing 
mode is used to access constants 


that 
do not 
change 
during 
program 
execution 
(e.g., a 


constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct addressing 
mode, the effective 
address of 
the argument 
is contained 
in a single 
byte following 
the 
opcode byte. Direct addressing 
allows the user to directly 
address 
the lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective address 
of the argument 
is contained 
in the two 
bytes following 


the opcode 
byte. Instructions 
with 
extended 
addressing 
mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with 
a single three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the B- 
bit signed byte (the offset) following 
the opcode is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. 


INDEX, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the B-bit index 


register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 


long. This mode is often used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or liD location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
B-bit offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 
B-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 2-byte 
in- 
struction, 
K would 
typically 
be in X with 
the address 
of 
the 
beginning 
of the table 
in the instruction. 
As such, 


tables may begin anywhere 
within 
the first 256 address- 
able locations 
and could 
extend 
as far as location 
510 


($1FE is the last location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, the ef- 
fective address is the sum of the contents 
of the unsigned 
B-bit index register and the two unsigned 
bytes following 
the opcode. This addressing 
mode can be used in a man- 


ner similar 
to indexed, 
B-bit offset except that this 3-byte 
instruction 
allows 
tables to be anywhere 
in memory. 


BIT SET/ClEAR 


In the bit set/clear 
addressing 
mode, the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Any 
readlwrite 
bit in the first 256 locations 
of memory, 
including 
110, can 
be selectively 
set or cleared with 
a single 2-byte instruc- 


tion. 


CAUTION 


The corresponding 
DDRs for ports, A, B, and Care 
write 
only 
registers 
(registers 
at $004, $005, and 
$006). A read operation 
on these registers 
always 
returns 
a "1". 
Since BSET and BClR are read-mod- 


ify-write functions, 
these instructions 
cannot be used 
to set or clear a DDR bit (all "unaffected" 
bits would 
be set). It is recommended 
that 
all DDR bits in a 
port be written 
using a single-store 
instruction. 


BIT TEST and BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 


nation 
of direct addressing 
and relative 
addressing. 
The 
bit that is to be tested 
and its condition 
(set or clear) is 
included 
in the opcode. 
The address 
of the byte to be 
tested 
is in the 
single 
byte 
immediately 
following 
the 
opcode 
byte. The signed 
relative 
B-bit offset 
in the third 
byte is added to the PC if the specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single 
3-byte 
in- 


struction 
allows the program 
to branch based on the con- 


dition 
of any 
readable 
bit 
in the first 
256 locations 
of 
memory. 
The span of branching 
is from 
-125 
to + 130 
from 
the opcode 
address. 
The state of the tested 
bit is 
also transferred 
to the carry 
bit of the 
condition 
code 
register. 


INHERENT 


In the 
inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 
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Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltages 
Vin 
V 
(Except Timer in Self-Check 
-0.3 
to + 7.0 
Mode) 
-0.3 
to + 15.0 
Self-Check Mode (TIMER Pin 
Only) 


Operating Temperature 
Range 
TA 
TL to TH 
'c 
o to 70 


-40 
to + 85'C' 


Storage Temperature 
Range 
Tstg 
-55 
to + 150 
'C 


Junction Temperature 
TJ 
'CIW 
Plastic 
150 
Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
6JA 
'CIW 
Cerdip 
60 
Plastic 
72 


The 
average 
chip-junction 
temperature, 
TJ' in °c can 
be obtained 
from: 


TJ=TA+(POoeJA) 
(1) 


These devices contain circuitry 
to protect 
the inputs against damage due to high static 
voltages or electric fields: 
however, 
normal 
precautions 
should be taken to avoid appli- 
cation of any voltage higher than the maxi- 
mum rated voltages to this high-impedance 
circuit. 
For proper operation, 
Vin and Vout 
should 
be constrained 
to the range VSS '" 


(Vin and Voutl '" VCC. Reliability of operation 
is enhanced if unused inputs except EXTAL 
are tied to an appropriate 
logic voltage level 
(e.g., either VSS or VCC). 


where: 


TA 
6JA 


Po 
PINT 
PI/a 


For most 
applications 
PI/O<PINT 
and can be neglected. 


The following 
is an approximate 
relationship 
between 
Po and TJ (if PliO is neglected): 


PO= K -;-(TJ +273°C) 
(2) 
Solving 
equations 
(1) and 
(2) for K gives: 


K=PO 
0 (TA + 273'C) +6JA 
0 P02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K 
can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA- Using 
this 
value 
of K, 
the values 
of Po and TJ can be obtained 
by solving 
equa- 
tions 
(1) and 
(2) iteratively 
for any value 
of TA. 


= Ambient 
Temperature, 
°c 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient, 
°CIW 


= PINT+PI/O 
= ICC x VCC' Watts 
- Chip 
Internal 
Power 


= Power 
Oissipation 
on Input 
and Output 
Pins - User 
Oetermined 
• 
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II 


ELECTRICAL 
CHARACTERISTICS 


(VCC= + 5.25 ± 0.5 Vdc, VSS = 0 Vdc, TA = 0° to 70°C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 


RESET (4.75 "" VCC "" 5.751 
4.0 
- 
VCC 
(VCC < 4.75) 
VCC -0.5 
- 
VCC 


INT (4.75 "" VCC "" 5.751 
4.0 
· 
VCC 
(VCC < 4.75) 
VCC -0.5 
· 
VCC 


All Other 
2.0 
- 
VCC 


Input High Voltage Timer 
VIH 
V 


Timer Mode 
2.0 
- 
VCC+1 


Self-Check Mode 
9.0 
10.0 
15.0 


Input Low Voltage 
VIL 
V 


RESET 
VSS 
- 
0.8 


INT 
VSS 
· 


1.5 


All Other 
VSS 
- 
0.8 


RESET Hysteresis Voltage 
V 
"Out of Reset" 
VIRES- 
2.1 
- 
4.0 
"Into Reset" 
VIRES+ 
0.8 
- 
2.0 


INT Zero Crossing Input Voltage, Through a Capacitor 
VINT 
2.0 
- 
4.0 
Vac pop 


Internal Power Dissipation - No Port Loading VCC= 5.75 V, 
PINT 
- 
400 
690 
mW 


TA=O°C 


Input Capacitance 
Cin 
pF 


XTAL 
- 
25 
- 


All Other 
- 
10 
- 


Low Voltage Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
O°Cto 70°C 
VLVI 
2.75 
3.5 
- 
V 


- 40°C to + 85°C 
3.1 
3.5 
- 


Input Current 
lin 
iJ.A 


TIMER (Vin = 0.4 V) 
- 
- 
20 


INT (Vin = 2.4 V to VCC) 
- 
20 
50 


EXTAL IVin = 2.4 V to VCC, Crystal Optionl 
- 
- 
10 


IVin = 0.4 V, Crystal Optionl 
- 
- 
-1600 


RESET (Vin = 0.8 V) 
-4.0 
- 
-40 


(External Capacitor Charging Current) 


T~SIPOInI~ 
130 pF !Tolall 


Figure 
11. TIL 
Equivalent 
Test 
Load 
(Port 
B) 
Figure 
12, CMOS 
Equivalent 
Test 
Load 
(Port 
A) 
Figure 
13. TIL 
Equivalent 
Test 
Load 
(Ports 
A and C) 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-410 


PORT DC ELECTRICAL 
CHARACTERISTICS 


(VCC~ 5.25 ± 0.5 Vdc, VSS = 0 Vdc, TA = O' to 70'C, unless otherwise 
noted) 


Characteristic 
Symbol 
I 
Min 
Typ 
I 
Max 
Unit 


Port A with CMOS Drive Enabled 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad= -100 
~A 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad = -10 
~A 
VOH 
VCC-1 
- 
- 
V 


Input High Voltage, ILoad = - 300 ~A (max.) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad = - 500 ~A (max.) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to Vcci 
IIH 
- 
- 
-300 
~A 


Hi-Z State Input Current (Vin = 0.4 VI 
IlL 
- 
- 
-500 
~A 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad ~ 10 mA (sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad = - 200 ~A 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
~A 


Port C and Port A with CMOS Drive Disabled 


Output Low Voltage, ILoad ~ 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, 'Load = - 100 ~A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
~A 


SWITCHING 
CHARACTERISTICS 


(VCC~ + 5.25 ± 0.5 Vdc, VSS ~ 0 Vdc, TA ~ D· to 70'C, unless other noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
MC6805P2 
lose 
0.4 
- 
4.2 
MHz 


MC68A05P2 
0.4 
- 
6.0 


MC68B05P2 
0.4 
- 
8.0 


Cycle Time (4/loscl 
tcvc 
0.95 
- 
10 
~s 


INT and TIMER Pulse Width (see Interrupt Section) 
tWL,tWH 
tcyc+250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcyc+250 
- 
- 
ns 


RESET Delay Time (External Capacitance = 1.0 ~F) 
tRHL 
- 
100 
- 
ms 


INT Zero Crossing Detection Input Frequency 
liNT 
0.03 
- 
1.0 
kHz 


External Clock Input Duty Cycle IEXTALI 
- 
40 
50 
60 
% 
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• 


~ 
VCC 


f,k' 
Port A CMOS 


I 
Pullup Optton 


I 


Port DDR 


Port Data 
Port DDR 


Port Data 


Figure 18. 1/0 Characteristic 
Measurement 
Circuit 
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The following 
information 
is required 
when ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 
MOOS, disk file 
MS-DOS/PC-DOS 
disk file 
EPROM(s) 2516, 2716, or 68705P3 
To initiate 
a ROM pattern 
for the MCU, it is necessary 
to first contact 
the local field service office, 
sales person, 


or Motorola 
representative. 


NOTE 
The low cost resistor 
oscillator 
option 
is not avail- 
able on B54F mask. 


FLEXIBLE DISKS 


Several 
types of flexible 
disks (MOOS""' or MS""'-DOSI 


PC-DOS disk filel. 
programmed 
with the customer's 
pro- 
gram (positive 
logic sense for address 
and datal. 
may be 
submitted 
for pattern 
generation. 
In either case, the dis- 
kette should 
be clearly labeled with the customer's 
name, 
date, project 
or product 
name, and the name of the file 
containing 
the pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code listing 
can be included. 
This data 
will be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with the pattern 
file. 


MDOS Disk File 


MOOS is Motorola's 
Disk Operating 
System 
available 
on the EXORciser~ 
development 
system. 
The disk media 
submitted 
must 
be a single-sided, 
single 
density, 
8-inch 
MOOS compatible 
floppy 
diskette. The diskette 
must con- 
tain the minimum 
set of MOOS system 
files 
in addition 
to the pattern 
file. 


The .LO output 
of the M6805 cross assembler 
should 
be furniShed. 
In addition, 
the file must be produced 
(using 
the ROLLOUT command) 
containing 
the absolute 
image 
of the M6805 memory. 
It is necessary to include the entire 
memory 
image 
of both data and program 
space. All un- 
used bytes, 
including 
those 
in the user space, 
must 
be 
set to zero. 


MS-DOS/PC-DOS 
Disk File 


MS-DOS is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM@ Personal 
Computer 
(PC) Disk Operating 
System. 
Disk media 
submitted 
must be a standard 
density 
(360K) 
double-sided 
5114 inch compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
object 
file code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 cross assemblers 
and linkers 
on IBM PC style machines. 


EPROMs 


A 2516, 2716, or 68705P3 type 
EPROM, 
programmed 
with 
the 
customer's 
program 
(positive 
logic 
sense 
for 
address 
and datal. 
may be submitted 
for pattern 
gener- 
ation. 
Since all program 
and data space information 
will 
fit on one of these EPROM devices, 
the EPROM must 
be 
programmed 
as described 
in the following 
paragraphs. 
The program 
space ROM must start at EPROM address 
$080.lfthe 
customer 
program 
starts at any other address, 
the EPROM must be marked accordingly. 
All unused bytes, 
including 
the user's 
space, must be set at zero. For ship- 
ment 
to Motorola, 
EPROMs 
should 
be placed 
in a con- 
ductive 
IC carrier 
and packed securely. 
Styrofoam 
is not 
acceptable 
for shipment. 


VERIFICATION 
MEDIA 


All original 
pattern 
media 
(EPROMs or floppy 
disk) are 
filed 
for 
contractual 
purposes 
and 
are not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along with a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked, 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the contractual 
agreement 
for creation 
of the customer 
mask. To aid in 
the verification 
process, 
Motorola 
will 
program 
customer 
supplied 
blank EPROM(s) or DOS disks from 
the data file 
used to create the custom 
mask. 


ROM VERIFICATION 
UNITS (RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 
be sent for 
program 
verification. 
These 
units 
will 
have 
been made 
using 
the custom 
mask but are for the pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are usually 
unmarked, 
packaged 
in ceramic, 
and tested 
with five volts at room temperature. 
These RVUs are free 
with 
a minimum 
order 
quantity 
but are not 
production 
parts. These RVUs are not guaranteed 
by Motorola 
Qual- 
ity Assurance. 


MOOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 
IBM is a registered trademark of International Business Machines Corporation. 


I 
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The 
following 
table 
provides 
generic 
information 
pertaining 
to the 
package 
type, 
temperature, 
and 
MC 
order 
numbers 


for 
the 
MC6805P2. 


Internal 
Clock 


Package 
Type 
Frequency 
(MHz) 
Temperature 
Order 
Number 


Plastic 
(P Suffix) 
1.0 
0° to 70°C 
MC6805P2P 


1.5 
0° to 70°C 
MC68A05P2P 


2.0 
0° to 70°C 
MC68B05P2P 


1.0 
- 40° to + 85°C 
MC6805P2CP 


Cerdip 
(S Suffix) 
1.0 
0° to 70°C 
MC6805P2S 


1.5 
0° to 70°C 
MC68A05P2S 


2.0 
0° to 70°C 
MC68B05P2S 


PlCC 
(FN Suffix) 
1.0 
0° to 70°C 
MC6805P2FN 


1.0 
- 40° to + 85°C 
MC6805P2CFN 


MECHANICAL 
DATA 
I 


PIN 
ASSIGNMENTS 


28-PIN 
DUAL-iN-LINE 
PACKAGE 
28-LEAD 
PLCC 
PACKAGE 


VSS 
RESET 


rNi 
PAl 
~ 
'" 
lfii 
..• 
I- 
'-' II- 
•... '" 
VCC 
PA6 
~ 
'-' z 
'" ~ ..• ~ 
> 
- 
> 
a: 
"- 
EXTAL 
PA5 
0 
26 


XTAL 
PM 
XTAL 
25 
PA5 


NUM 
PA3 
NUM 
PA4 


TIMER 
PA2 
TIMER 
PA3 


PCD 
PAl 
PCD 
PA2 


PC1 
PAD 
PCl 
PAl 


PC2 
P8l 
PC2 
PAD 


PC3 
P86 
PC3 
19 
P8l 


P8D 
P85 
12 
18 
P81 
P84 
<:> 
in 
N 
M 
.,. 
'" 
'" 
P82 
P83 
a:> 
~ 
a:> 
a:> 
a:> ~ 


"- 
"- 
"- 
"- 
"- 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805P6 
(HMOS) 
Microcontroller 
Unit (MCU) is a member 
of the MC6805 
Family 
of 


microcontrollers. 
This low cost and high-speed 
MCU has parallel 
I/O capability 
with 
pins 
programmable 
as input 
or output. 
This publication 
contains 
condensed 
information 
on the MCU; 
for detailed 
information, 
refer to M6805 
HMOS, 
M146805 
CMOS 
Fami/y 
User's 
Manua/ 


(M6805UM(AD2)) 
or contact 
your 
local Motorola 
sales office. 
Refer to the block diagram 
for the hardware 
features 
and to the list below 
for additional 
features 


available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit 
Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
I 0 


• 
Versatile 
Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
Low Voltage 
Inhibit 
Option 


• 
Self-Check 
Mode 


• 
Master 
Reset 


• 
1804 Bytes ROM 


• 
64 Bytes RAM 


• 
20 I/O Ports 


PBO 


Accumulator 
PBl 


a 
A 
CPU 
Data 
Port 
PB2 
Port 


Index 
Control 
Oir. 
B 
PB3 
B 


Register 
Reg. 
Reg. 
PB4 
I/O 
PAD 
a 
x 
PB5 
Lines 


PAl 
Condition 
PB6 
Port 
PA2 
Port 
Data 
Code 
PB7 
A 
PA3 
A 
Oir. 
Register 
CC 


I/O 
PA4 
CPU 


Lines 
PA5 
Reg. 
Reg 
Stack 


PA6 
5 
POinter 
SP 
PAl 
Data 
Port 
PCO 
Port 


Program 
PCl 
C 


Counter 
Dir. 
C 
PC2 
I/O 


3 
High 
PCH 
AlU 


Reg. 
Reg. 
PC3 
Lines 


19J4 X 8 
Program 


EPROM 
Counter 


116 X a Self- 
a 
low 
PCl 


Check 
ROM 


• 
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VCCAND 
VSS 


Power 
is supplied 
to the microcontroller 
using 
these 


two 
pins. 
VCC is 5.25 volts 
(± 0.5t:.) power, 
and VSS is 


ground. 


NUM 
(Non-User 
Model 


This pin is not for user applications 
and must 
be con- 
nected to VSS. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 


plying 
an external 
interrupt 
to the MCU. Refer to INTER- 


RUPTS for more detailed 
information. 


EXTAL,XTAL 


These 
pins provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a ceramic 
resonator, 
a resistorl 


capacitor 
combination, 
or an external 
signal 
(depending 


upon selected 
manufacturing 
mask options) 
can be con- 
nected to these 
pins to provide 
a system 
clock. 


RC Oscillator 


With this option, 
a resistor 
is connected 
to the oscillator 
pins as shown 
in Figure 
1. The relationship 
between 
R 
and fosc is shown 
in Figure 
2. 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using a crystal. 
Using an external 
CMOS oscillator 
is rec- 


ommended 
when 
crystals 
outside 
the specified 
ranges 
are to be used. The crystal 
and components 
should 
be 


mounted 
as close as possible 
to the input 
pins to mini- 


mize output 
distortion 
and startup 
stabilization 
time. 
Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VCC 


specifications. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL input 
with 
the XTAL 
input 
connected 
to ground, 
as shown 
in 
Figure 
1. 


5 XTAl 
5 XTAl 
~XTAl 
CJ 
MCU 
MCU 
MCU 
External 
4 
4 EXTAl 
4 EXTAl 
Clock 
EXTAl 
Cl 
Input 
:r::- 


Crystal 
Approximately 25% to 50% Accuracy 


Typical tcyc= 1.25/,s 
External Jumper 


C, 


EXTAl 
~~XTAl 


4 
~E---------J 
5 


AT - 
Cut Parallel Aesonance Crystal 
Co=7 
pF Max. 


Freq=4.0 
MHz@Cl=24 
pF 


AS = 50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's 
sug- 


gestions for CO' C" 
and RS values. 


Approximately 
10% to 25% Accuracy 


IExcludes Resistor Tolerance) 


External Resistor 


NOTE: The recommended Cl value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 


internal capacitance of approximately 25 pF on the XTAl pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAl and approximately 
25 pF on XTAl. The exact value depends on the motional-arm 
parameters of the crystal 


used. 
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TIMER 


This pin can be used as an external 
input to control 
the 
internal 
timer/counter 
circuitry 
or for gating 
<1>2input 
to 
timer, 
depending 
on mask option. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO-PA7. PBO-PB7, PCO-PC3) 


These 20 lines are arranged 
into two 8-bit ports (A and 
B) and one 4-bit port (C). Ports A, B, and C are programm- 
able as either 
inputs 
or outputs 
under 
software 
control 
of the data direction 
registers. 
Refer to PROGRAMMING 
for additional 
information. 


Figure 2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


INPUT/OUTPUT 
PROGRAMMING 


Any port pin is programmable 
as either input or output 
under 
software 
control 
of the corresponding 
write-only 
data direction 
register 
(DDR). The port I/O programming 
is accomplished 
by writing 
the corresponding 
bit in the 
port 
DDR to a logic 
1 for output 
and a logic 0 for input. 


On reset, all the DDRs are initialized 
to a logic 0 state to 
put the ports in the input mode. The port output 
registers 
are not initialized 
on reset, and should 
be written 
to be- 
fore setting 
the DDR bits. 
When programmed 
as outputs, 
the latched output 
data 
is readable 
as input data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since 
the 
data 
read corresponds 
to the 
pin level 
if the 
DDR is an input 
(0) and also to the latched 
output 
when 
the DDR is an output 
(1). Refer to Table 1 for I/O functions 
and to Figure 3 for typical 
port circuitry. 


Data 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi-Z 
Pin 


The MCU is capable 
of addressing 
2048 bytes of mem- 
ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The locations 
consist 
of 1668 bytes of user ROM, user 
self-check 
ROM, user RAM, a timer 
control 
register, 
and 
I/O. The user interrupt 
vectors 
are located 
from 
$7F8 to 
$7FF. 


The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes and increments 
during 
pulis. 


hder 
to INTERRUPTS for additional 
information. 


NOTE 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent it from 
being 
overwritten 
due to stacking 
from 
an interrupt 
or 
subroutine 
call. 


REGISTERS 


The MCU contains 
the 
registers 
described 
in the fol- 
lowing 
paragraphs. 
• 


ACCUMULATOR 
(A) 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and results 
of arithmetic 
calcu- 
lations 
or data manipulations. 


7 
I 
A 


INDEX REGISTER (X) 


The index 
register 
is an 8-bit 
register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 
may be added to an 8- or 16-bit immediate 
value to create 
an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is an 11-bit register 
that contains 
the address 
of the next byte to be fetched. 


10 
8 7 
0 
I 
PCH 
I 
PCL 
I 
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• 


D8t8 
Direction Register 
Bit- 


Latcl)ed 
Output 
Data 
Bit 


PORT DATA DIRECTION REGISTER (DDRI 
7 
0 


1 
1 


111Write Only; reads as all "ls" 
1211= Output; 0= Input. Cleared to 0 by reset. 
131Port A Addr= $004 
Port B Addr= $006 
Port C Addr= $006 (Bits 0-31 


Figure 3. Typical 
Port I/O Circuitry 
and 
Register 
Configuration 


Half Carry (H) 


This bit is set during 
ADD and ADC operations 
to in- 


dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched 
and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, or data manipulation 
was negative 
(bit 
7 in the result 
is a logic 
1). 


Zero (Z) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
(C) 


When set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


Port A Addr= $000 
Port B Addr = $()()1 
Port C Addr= $()()2(Bits 0-31 


STACK POINTER (SP) 


The stack pointer 
is an ll-bit 
register 
that contains 
the 
address 
of the next free location 
on the stack. During 
an 
MCU 
reset 
or the 
reset stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 


is then decremented 
as data is pushed onto the stack and 
incremented 
as data is pulled 
from 
the stack. 
The six most-significant 
bits 
of the 
stack pointer 
are 
permanently 
set at 000011. 
Subroutines 
and 
interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 
mum), 
which 
allows 
the 
programmer 
to use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


10 
5 
4 
0 
GJ:iliGIili1 
Sp 
I 


CONDITION 
CODE REGISTER (CC) 


The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate 
the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program, 
and specifications 
can be taken 
as a result 
of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 
4 
0 


~ 
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0 
7 
6 
5 
4 
3 
2 
1 
0 


000 
110 Ports 
$000 
0 
PortA 
$000 


Timer 
Port B 
$001 
Page Zero 
RAM 
$002 
Access with 
112BBytesl 
2 
1 
1 
1 1 
Port C 


127 
Short 
12B 
3 
Not Used 
$003 
Instructions 
Page Zero 
$004- 
User ROM 
4 
PortA 
DDR 


112BBytes! 
5 
Port BOOR 
S<XJ5- 
255 
256 
6 
Not Used 
Port C DDR 
$(X)6- 


7 
Not Used 
$007 


Main User 
B 
Timer Data Reg 
$OOB 


ROM 
9 
Timer Control Reg 
$009 
11668 Bytes) 
10 
$OOA 
Not Used 


1923 
$783 
63 
154 Bytes! 
$03F 


1924 
$784 
64 
$040 
Self Check 
• 


ROM 
RAM 


2039 
1116 Bytesl 
164 Bytes) 
$7F7 
f 


Timer Interrupt 
$7F8 


2041 
$7F9 
Stack 
2042 
---- 
$7FA 
Interrupt 
2043 
External Interrupt 
$7F8 
131 Bytes 
Vectors 
2044 
---- 
$7FC 
Maximum! 
SWI 
2045 
---- 
$7FD 


2046 
Reset 
$7FE 


2047 
$7FF 
127 
S07F 


'Caution: 
Data direction 
registers IDORs) are write-only, 
set to $FF. 


Figure 
4. Memory 
Map 


The self 
check 
is initiated 
by connecting 
the 
MCU 
as 
shown 
in Figure 
5 and then 
monitoring 
the output 
of port 
C (bit 
3) for 
an oscillation 
of 
approximately 
7 Hz. The 
following 
tests 
are executed 
automatically: 


1/0 - 
functionally 
exercise 
1/0 ports 


RAM - 
walking 
bit test 
ROM - 
exclusive 
OR with 
ODD "ls" 
parity 
result 


TIMER - 
functionally 
exercise 
timer 
Interrupts 
- 
functionally 
exercise 
external 
and 
timer 
interrupts 
Table 
2 shows 
the 
status 
of the 
LEDs as a result 
of a 
failure. 
Port C is tested 
only 
once (just after 
reset). 
If port 
C fails, 
no lights 
will 
appear. 


PCl 
PCO 
Function 


0 
0 
Interrupt Failure 


0 
1 
Bad Port A or Port B 


1 
0 
Bad RAM 


1 
1 
Bad RAM 


All 4 LEOs Flasing 
Good Device 


The MCU can be reset three 
ways: 
(1) by initial 
power- 


up, (2) by the external 
reset 
input 
(RESETl, 
and (3) by an 


optional, 
internal, 
low-voltage 
detect 
circuit. 
The RESET 
input 
consists 
mainly 
of a Schmitt 
trigger 
that senses 
the 
RESET line 
logic 
level. 


POWER·ON-RESET 
(POR) 


An internal 
reset is generated 
on power-up 
that 
allows 
the 
internal 
clock 
generator 
to 
stabilize. 
The 
power-on 
reset 
is used 
strictly 
for 
power 
turn-on 
conditions 
and 


should 
not be used to detect 
any drop in the power 
supply 
voltage. 
A delay 
of tRHL 
milliseconds 
is required 
before 
allowing 
the 
RESET input 
to go tfigh. 
Connecting 
a ca- 
pacitor 
to the 
RESET input 
(Figure 
6) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The 
MCU 
is reset 
when 
a logic 
zero 
is applied 
to the 


RESET input 
for a period 
longer 
than 
one machine 
cycle 
(tcye!. Under this type of reset, the Schmitt 
trigger 
switches 
off at VIRES - 
to provide 
an internal 
reset voltage. 


LOW·VOLTAGE 
INHIBIT 
(LVI) 


The optional 
low-voltage 
detection 
circuit 
causes 
a re- 


set of the MCU 
if the power 
supply 
voltage 
falls 
below 
a 
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INT 
MC6806P6 
PA7 
27 


PA6 
26 


RESET 
28 mET 
PA5 
25 
1 


=r: 
1.0 
I" 
PM 
24 


5 
XTAL 
PA3 
23 


* 
PA2 
22 


4 
EXTAL 
21 
- 
PAl 


PAD 
20 


+9V 
10k 
7 
TIMER 


PB7 
19 


6 
NUM 
PB6 
18 


VCC 
PB5 
17 


PB4 
16 


5100 
15 
PCO 
PB3 


5100 
PCl 
PB2 
14 


5100 
PC2 
PBI 
13 


5100 
PC3 
PBO 
12 


VCC= 
Pin 3 


VSS = Pin 
1 
• This connection 
depends on the clock oscillator user selectable mask option. 


Use crystal if crystal option is selected. 


certain 
level (VLVI). The only requirement 
being that VCC 
must remain 
at or below 
the VLVI threshold 
for one tcyc 
minimum. 
In typical 
applications, 
the VCC bus filter 
capacitor 
will 
eliminate 
negative-going 
voltage 
glitches 
of less than one 
tcyc. 
The output 
from 
the 
low-voltage 
detector 
is con- 
nected directly 
to the internal 
reset circuitry. 
It also forces 
the RESET pin low via a strong 
discharge 
device through 
a resistor. 
The internal 
reset is removed 
once the power 
supply 
voltage 
rises above 
a recovery 
level 
(VLVRl. 
at 
which 
time 
a normal 
power-on 
reset occurs. 


The MCU can be interrupted 
three 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with the 
internal 
timer 
interrupt 
request, or (3) using the software 
interrupt 
instruction 
(SWI). 
Interrupts 
cause the processor 
registers 
to be saved on 
the 
stack and the 
interrupt 
mask 
(I bit) 
set to prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from 
the stack and then 
normal 
processing 
resumes. The stacking 
order is shown 
in Figure 7. 
Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted 
but are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


NOTE 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being operated 
on. 


Part of 


MC68705P3 
MCU 
When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardware 
interrupts 
and, if unmasked, 
(I bit clear) 
proceeds 
with 
interrupt 
processing; 
other- 


wise, the next instruction 
is fetched and executed. 
Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
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5 
4 
3 
2 
0 
Pull 


Condl\lon 
n-4 
1 
1 
Code Register 
n+ 1 


n-3 
Accumulator 
n+2 


n-2 
Index Register 
n+3 


timer 
interrupt 
status 
bit is cleared 
before 
unmasking 
the 
interrupt, 
then 
the 
interrupt 
is not 
latched. 


If both 
an external 
interrupt 
and 
a timer 
interrupt 
are 
pending 
at the 
end 
of an instruction 
execution, 
the 
ex- 
ternal 
interrupt 
is serviced 
first. 
The SWI is executed 
the 
same 
as any 
other 
instruction 
regardless 
of the 
setting 
of the 
I bit. 
Refer to Figure 
8 for the 
reset 
and 
interrupt 
instruction 
processing 
sequence. 


PuSh 
• For subroutine 
calls, only PCH and PCl are stacked. 


TIMER 
INTERRUPT 


If the timer 
mask 
bit (TCR6) is cleared, 
then 
each time 
the timer 
decrements 
to zero (transitions 
from 
$01 to $00) 
an interrupt 
request 
is generated. 
The actual 
processor 


interrupt 
is generated 
only 
if the interrupt 
mask bit of the 
condition 
code 
register 
(CCR) is also 
cleared. 
When 
the 


1-1 Bit lin CCI 
07F-SP 
O-DDAs 
CLA INT LogiC 
FF-Tlmer 


7F-Prescaler 
7F-TCA 


Load PC 
from 
7FE17FF 


lear 
INT 
Request 
Latch 
II 


Load PC From: 
SWI: 7FC17FD 
INT: 7FA17FB 
TIMER 7F817F9 


Execute All 
Instruction 
Cvcles 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-421 


• 


interrupt 
is recognized, 
the current 
state of the machine 


is pushed 
onto the stack, and the I bit in the CCR is set, 


masking 
further 
interrupts 
until 
the present 
one is serv- 


iced. The contents 
of the timer 
interrupt 
vector, 
contain- 


ing the location 
of the timer 
interrupt 
service 
routine, 
is 


then 
loaded 
into the program 
counter. 
At the end of the 
timer 
interrupt 
service 
routine, 
the software 
normally 
ex- 


ecutes an RTI instruction 
which 
restores the machine 
state 


and starts 
executing 
the interrupted 
program. 


EXTERNAL 
INTERRUPT 


The 
external 
interrupt 
is interna!!:Lsynchronized 
and 
then 
latched 
on the falling 
edge of INT. Clearing 
the I bit 


enables 
the 
external 
interrupt. 
The 
MC6805P6 
only 
re- 


quires 
negative 
edge-sensitive 
trigger 
interrupts. 
The fol- 


lowing 
paragraphs 
describe 
two typical 
external 
interrupt 
circuits. 


Zero-Crossing 


A sinusoidal 
input signal 
(fINT maximum) 
can be used 


to generate 
an external 
interrupt 
(see Figure 9a) for use 


as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 


engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 


rectification 
provides 
an interrupt 
at every zero crossing 


of the ac signal 
and thereby 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 
With this type of circuit 
(Figure 9bl, the INT pin can be 


driven 
by a digital 
signal. 
The maximum 
frequency 
of a 


signal 
that 
can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 


Refer to TIMER for additional 
information. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 


is zero, SWI executes 
after the other 
interrupts. 
The SWI 
execution 
is similar 
to the hardware 
interrupts. 


The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit 
software 
programmable 
pres- 


caler. The timer 
source 
is made during 
manufacturing 
as 


a mask option. 
The 8-bit 
counter 
may be loaded 
under 


ae 
lCurrent 


Input 
(lINT MaX'l~Llmltlngl 
2 m 


Rsl 
MO 


aclnputs 
R 
0.1-1.0 
10 Vac p.p 
~F 


program 
control 
and is decremented 
toward 
zero. When 
the timer 
reaches zero, the timer 
interrupt 
request 
bit (bit 
7) in the timer 
control 
register 
(TCR) is set. Refer to Figure 
10 for timer 
block diagram. 


The timer 
interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 61 in the TCR. When the 


I bit in the condition 
code register 
is cleared, 
the proces- 


sor receives 
the interrupt. 
The MCU responds 
to this in- 
terrupt 
by 1) saving 
the present 
CPU state on the stack, 


2) fetching 
the timer 
interrupt 
vector, 
and 3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request 
bit must 
be cleared 
by software. 
Refer 
to 
RESETS and 
INTER- 


RUPTS for additional 
information. 
The prescaler 
is a 7-bit divider 
which 
is used to extend 
the 
maximum 
length 
of the timer. 
To avoid 
truncation 


errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 
a logic 
1; however, 
the TCR bit 3 always 
reads as a logic 


o to ensure 
proper 
operation 
with 
read-modify-write 
in- 


structions. 


The timer 
continues 
to count past zero, falling 
from 
$00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time by reading 
the timer 
data register 


(TOR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 


turbing 
the counting 
process. 
Three 
machine 
cycles 
are 


required 
for a change 
in state of the TIMER pin to dec- 


rement 
the timer 
prescaler. 


Clock input to the timer 
can be from 
an external 
source 
or from the internal 
phase two signal. Clock source is one 
of the mask options 
available. 
A prescaler 
mask option 


is also available 
that 
can provide 
up to a maximum 
of 
128 counts 
to the clock input. 


NOTE 


If <1>2is used, Timer 
input 
should 
be tied to VCc. If 
low, it will 
gate <1>2off. 


TIMER CONTROL 
REGISTER (TeR) $009 


This 8-bit 
register 
controls 
the timer 
interrupt 
request 


and inhibit 
signals. 
All bits are read/write 
except 
bit 3. 


TTL 
Level 


Digital 


Input 


lJ 
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TIMER 
Inpul 


Pin 


r------l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
. 


Manulaclurlrlg 


MJSk 


Options 


Timer 


Interrupt 
Request 


ITIRI 


Timer 


Interrupt 
Mask ITIMI 


Not Used 
----,,----- 


TIR - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 


one 
1 ~ Set when 
the timer 
data register 
changes 
to all 
zeros 
o ~ Cleared 
by external 
reset, 
power-on 
reset, 
or 
under 
program 
control 
TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt. 


1 ~ Interrupt 
inhibited 
o ~ Interrupt 
enabled 
Bits 5 through 
0 
Not 
used 


The MCU 
has a set of 59 basic 
instructions. 
They 
can 
be divided 
into five different 
types: 
register/memory, 
read- 


modify-write, 
branch, 
bit manipulation, 
and control. 
The 


following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is either 
the accumulator 
or the index 
register. 
The 
other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 


jump 
to subroutine 
(JSR) 
instructions 
have 
no register 


operand. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store 
X in Memory 
STX 


Add Memory to A 
ADD 


Function 
Mnemonic 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump 
Unconditional 
JMP 


Jump to Subroutine 
JSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the first 
256 bytes 
of the memory 
space, where 
all port registers, 
port DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An additional 
feature 
allows 
the 
soft- 
ware 
to test 
and 
branch 
on the 
state 
of any 
bit within 
these 
256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all implemented 
with 
a single 
in- 


struction. 
For test 
and 
branch 
instructions, 
the value 
of 


the bit tested 
is also placed 
in the carry 
bit of the condition 


code 
register. 
Refer to the following 
list for 
bit manipu- 


lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O. 
.. 7) 


Branch 
if Bit n is Clear 
BRCLR n (n = 0 .. 
7) 


Set Bit n 
BSET n (n=O . .. 7) 


Clear Bit n 
BCLRn(n~O 
. 
7) 


• 
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READ-MODIFY 
-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the modified 
value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero 
(TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complementl 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for 
branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt 
Line is Low 
BIL 


Branch if Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 
3 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data tables, 
code 
con- 
version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions 
while 
the 
longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and 
long 
absolute 
addressing 
is also 
included. 
Two 
byte 
di- 
rect addressing 
instructions 
access all data bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach 
all memory. 
The term 
"effective 
address" 
(EA) is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
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Bh Menioulat"n 
Branch 
R~Modifv·Write 
Control 
R 
.1 
I 
~; 
~ 
";', 
c:,o 
~, 
o,~ 
01~1 
"~ 
nl11 
• 
I.!.' 
1:'0 
1:'1 
1[00 
1~1 
".~ 
1,'11 
.........-.:;. 


'000 


I 'BRSEI9. 
:: 
NEG"'R · 
· 
, 
, 


~ 
BSEI~, 
BRA 
NEG 
NEG 
NEG 
• NEG 
AT I,.". 
SU~ ••• 
SUB",. 
SU~. 
SUB", 
SUB", 
SUB" 
~ 
R 
1 
, " , 
, " 
'" 
, 
" , 


'0 
, 
· 
, 
2 
· 
, 
, 


~, 
BRCL:9R 
BCL~~r 
BRNR" 
RTS 
CMP 
CMP 
CM~xT 
CMP 
CMP 
CMP 
~, 
INH 
IMM 
OOR 
,x 
'XI 
, 
,x 


'BRSEJ,'. 
· 
· 
rrf\n 
BSE~~r 
BHIRU 
SBC 
SBCnlR 
SB<;x, 
SBC 
SBC 
SBC 
J, 
''''''' 


,x 
,x, , 
,x 


'£. 
, 
· 
, 
· 
· 
, 
, 
" 
2 
· 
~1 
BACl~T\' 
BCl~~,. 
Bl\~1 
I., 
(OMnIR 
1 COM~'H 
I COMI~'H 
'0 
COM 
COM 
SWI1"H 
CPX 
CPX 
CPX~XT 
CPX", 
CPX", 
CPX " 
cl" 
ox, 
1 
IX 
, 
''''''' 
OOR 
, 


'BRSEIl. 
· 
, 
· 
· 
, 
, 


,;'.., 
BSEI~r 
BCC 
I ~ 
lSR.-TR 


LSAA 
LSAX 
LSR 
LSR 
ANR1" 
AND"IH 
ANq:XT 
AND 
AND", 
AND" 
.;4", 
R 
, 
IN" 
, 
IN" 
ox, 
I 
IX 
'X 


'BRCL:l. 
· 
· 
, 


o~ 1 
I,BCL~~r 
BCS." 
BI~•••• 
BIT "'IR 
BIT~~ 
BIT ,., 
BIT ,., 
BIT 
I. 
n~, 


'BRSEJ,? 
· 
• 
· 
· 


, 
, 
, 
, 
, 


n,~ 
I , BSE~lr 
I, BNER" !, 
RORn'R 
1 AOA~ 
•• 
1 AOA~"'H 
, 
ROR 
ROR 
LOA 
LDAntR 
LD~XT 
LOA 
LOA,y, 
LOA ,. 


n~n 
'" 
, 
" 
''''''' 
IX 


'BRCL:,? 
, 
• 
· 
· 
, 
, 
2 


m~1 
I ,BCL~lr 
I, 
BEOR" 
I, 
ASR 
1 ASA~H 
AS AX 
ASR 
ASR 
TAX 
STAnlR 
ST~., 
STA1y? 
STA 


1YI 
STA 
,. 
"'~, 
OR 
, 
IN" 
,., , 
" 
, 
IN" 
, 


'BASEJ;'. 
, 
, 
· 
· 
, 
, 
2 
· 
,~ 
I , BSE~~r 
I, 
BHC~" 
, 
LSL 
LSL~"'H 
LSLX 
LSL 
LSL 
CLC,"" 
EO~•..••..• 
EOAnlR 
EOA"XT 
EOR 
EOR 
EOR 
,:.. 
OR , 
, 
'N" 
I.' 
, 
" 


ox 
'X, 
1 
'X 


10 
, 
· 
, 
· 
· 
, 
, 
2 
2 
, 


1.!1 
BRCL:;'. 
I 0 BCL~~r 
I 0 BHC~" 
'0 
ROL 
AOL~"'H 
AOLX 
ROL 
ROL 
SEC 
ADC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 


OR , 
, 
'N" 
I.' 
, 
" 
1 
IN" 
2 
''''''' 


2 
OOR 3 
'x, 
3 
ox 
2 
'x, , 
IX 
100' 


BRSE!i 
· 
, 
· 
· 
, 
, 


,~" 
BSEI~r 
10 
BPLR" 
DEC 
DECA 
DECX 
DEC 
DEC 
Cli 
ORA 
ORA 
ORA 
ORA 
ORA 
ORA 
A 


OR , 
IN" 
, 
'N" 
2 
I.' 
, 
" 
1 
IN" 
2 
''''''' 


2 
OOR 3 
'x, 
IX 
IX' 
1 
'X 
1010 
,~- 
· 
B 
BRCL:,5. 
!,BCL~~r 
I, BMIR" 
SEI 
ADD 
ADOnlR 
AO~XT 
ADD 
ADD 
ADD 
B 


'" 


1 
IN" 
''''''' 


IX 
OXI 
1 
IX 
," 


'BRSEJ? 
:: 
BM~~J 
: 
INC 
, 
· 
, 
, 
2 
, 
JMP 
lfm 
I , BSE~~r 
INCA 
INCX 
INC 
INC 
RSP 
JMPnlR 
JMP 
JMP 
JMP 
C 


OR , 
IN" 
, 
IN" 
IX' 
, 
IX 
, 


'N" 
'X, 
3 
'x 
2 
'x, , 
ox 
"00 


'BRCL:~. 
, 
, 
TSTn" · 
, 


!' 
TS' 


2 


0 
I , BCL~~r 
I ') 
BM~~I 
TST ~"'H 
1 TST~"'H 
TST 
NOP 
BSRR", 
JSR 
JSR 
JSR 
JSR 
JSR 
0 


'" 


ox, 
, 
'x 
, 
IN" 
2 
OOR 3 
'x, 
'x 
2 
IX' 
, 
'X 
'" 


'BRSE!;. 
, 
· 


• 
LOX 
• 
LOX 
E 
BSEI~r 
B1LR~1 
LOX 
LOX"'IR 
LOX 
LOX1\(, 
E 


'" 
''''''' 


2 
'X, 
, 
" 
I 
IX 
1110 


ISRCLR7 
· 
· 
· 
, 
CLR 
, 


• 
STX 
• 
STX 
F 
BCLR7 
BIH 
CLR 
CLRA 
CLAX 
CLR 
TXA 
STX 
STX 
STX 
F 


1111 
3 
BTB 
2 
esc , 
REL 
2 
DOR 
1 
'N" 
, 
'N" 
2 
,., , 
,. 
, 
IN" 
2 
DOR 3 
'x, 
3 
'X2 
2 
'XI 
, 
'x 
1111 


Inherent 
Immediate 
Direct 
Extended 
Relati ..•.e 


Bit Setl Clear 
Bit rest 
and Branch 


Indexed 
INo Offsetl 
Indexed, 
1 Byte IB-Bitl 
Offset 


Indexed. 
2 Byte 116-Bitl Offset 


I of Cycles 


Mnemonic 


Bytes 


• 


duuress 
me 
lowest 
L~b bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two bytes following 


the opcode 
byte. Instructions 
with 
extended 
addressing 
mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 


bit signed byte (the offset) following 
the opcode 
is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. 


INDEX, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the 8-bit index 


register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 


long. This mode is often used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or I/O location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
8-bit 
offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 
8-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode is useful for selecting 
the 
Kth element 
in an n element 
table. With 
this 2-byte 
in- 
struction, 
K would 
typically 
be in X with 
the address 
of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 


tables 
may begin anywhere 
within 
the first 256 address- 


able locations 
and could 
extend 
as far as location 
510 
($1FE is the 
last location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, the ef- 


fective address is the sum of the contents 
of the unsigned 
8-bit index register 
and the two unsigned 
bytes following 


ner similar 
to indexed, 
8-bit offset except that this 3-byte 


instruction 
allows 
tables to be anywhere 
in memory. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, the bit to be set 
or cleared 
is pa" 
of the opcode. 
The byte following 
the 


opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Any 
read/write 
bit in the first 256 locations 
of memory, 
including 
I/O, can 
be selectively 
set or cleared with a single 2-byte instruc- 


tion. 


CAUTION 


The corresponding 
DDRs for ports, A, B, and Care 


write 
only 
registers 
(registers 
at $004, $005, and 
$006). A read operation 
on these 
registers 
is un- 
defined. Since BSET and BClR are read-modify-write 
functions, 
these instructions 
cannot 
be used to set 
or clear a DDR bit (all "unaffected" 
bits would 
be 


set). It is recommended 
that all DDR bits in a port 
be written 
using a single-store 
instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 


nation 
of direct addressing 
and relative 
addressing. 
The 
bit that 
is to be tested 
and its condition 
(set or clear) is 


included 
in the opcode. 
The address 
of the 
byte to be 


tested 
is in the 
single 
byte 
immediately 
following 
the 


opcode 
byte. The signed 
relative 
8-bit offset 
in the third 
byte is added to the PC if the specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single 
3-byte 
in- 


struction 
allows the program 
to branch based on the con- 
dition 
of any 
readable 
bit in the first 
256 locations 
of 
memory. 
The span of branching 
is from 
-125 
to + 130 
from 
the opcode 
address. 
The state of the tested 
bit is 


also transferred 
to the 
carry 
bit of the condition 
code 


register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 


necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 


other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 
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Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 to + 7.0 
V 


Input Voltages 
Vin 
V 


Except Timer in Self-Check Mode 
-0.3 to + 7.0 
Self-Check 
Mode 
(TIMER Pin 
-0.3 to +15.0 


Onlyl 


Operating Temperature Range 
TA 
TL to TH 
'c 
o to 70 


-40to+85" 


Storage Temperature Range 
Tstg 
-55 to + 150 
'C 


Junction Temperature 
TJ 
'CiW 


Plastic 
150 
Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
flJA 
'C/W 
Cerdip 
60 
Plastic 
72 


The average 
chip-junction 
temperature, 
TJ' in 'c 
can 


be obtained 
from: 


TJ=TA+(PDo8JA) 
(1) 


These 
devices 
contain 
circuitry 
to protect 


the inputs against damage due to high static 


voltages 
or electric 
fields; 
however, 
normal 


precautions should be taken to avoid appli- 
cation of any voltage higher than the maxi- 
mum rated voltages to this high-impedance 


circuit. 
For 
proper 
operation. 
Vin 
and 
Vout 


should be constrained to the range VSS " 
IVin and Voutl" 
VCC.Reliability of operation 


is enhanced if unused inputs except EXTAL 
are tied to an appropriate logic voltage level 
le.g., either VSS or VCCI. 


For most applications 
PI/O<PINT 
and can be neglected. 
The following 
is an approximate 
relationship 
between 


PD and TJ (if PliO is neglected): 


PD = K -;-(TJ + 273'C) 
(2) 
Solving 
equations 
(1) and (2) for K gives: 


K=PDo(TA+273°C)+8JAoPD2 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. K 


can be determined 
from 
equation 
(3) by measuring 
PD 


(at equilibrium) 
for a known 
TA. Using 
this 
value 
of K, 
the values of PD and TJ can be obtained 
by solving 
equa- 


tions 
(1) and (2) iteratively 
for any value 
of TA 


= Ambient 
Temperature, 
°c 


= Package Thermal 
Resistance, 


Junction-to-Ambient, 
°CiW 


= PINT+ PliO 
= ICC x VCC' Watts - Chip Internal 
Power 


= Power 
Dissipation 
on Input and Output 


Pins - User Determined 


• 
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ELECTRICAL 
CHARACTERISTICS 


(Vcc = + 5.25 :t 5 Vdc. VSS ~ 0 Vdc. TA = O·C.unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 


RESET (4.75 "'V CC '" 5.751 
4.0 
- 
VCC 


(VCC < 4.75) 
VCC -0.5 
- 
VCC 
INT (4.75 ,. VCC '" 5.751 
4.0 
· 
VCC 


(VCC < 4.75) 
VCC -0.5 
· 
VCC 
All Other 
2.0 
- 
VCC 


Input High Voltage Timer 
VIH 
V 
Timer Mode 
2.0 
- 
VCC+l 
Self-Check Mode 
9.0 
10.0 
15.0 


Input Low Voltage 
VIL 
V 
INT 
VSS 
· 
1.5 
All Other 
VSS 
- 
0.8 


RESET Hysteresis Voltage 
V 


"Out of Reset" 
VIRES+ 
2.1 
- 
4.0 
"Into Reset" 
VIRES- 
0.8 
- 
2.0 


INT Zero Crossing Input Voltage. Through a Capacitor 
VINT 
2.0 
- 
4.0 
Vac p-p 


Internal Power Oissipation - No Port Loading VCC~ 5.75 V. 
PINT 
- 
400 
690 
mW 
TA=O·C 


Input Capacitance 
Cin 
pF 
XTAL 
- 
25 
- 


All Other 
- 
10 
- 


Low Voltage Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
O·Cto 70·C 
VLVI 
2.75 
3.5 
- 
V 


- 40·C to + 85·C 
3.1 
3.5 
- 


Input Current (External Capacitor Charging Current) 
lin 
~A 


TIMER (Vin = 0.4 V) 
- 
- 
20 
INT IVin = 2.4 V to VCC 
- 
20 
50 
EXTAL (Vin = 2.4 V to VCC, Crystal Option) 
- 
- 
10 


__ 
(Vin=0.4 
V, Crystal Option) 
- 
- 
-1600 
RESET (Vin = 0.8 V) 
-4.0 
- 
-40 


VCC=575V 
lest 
MMD6150 
POint 
Of 
EqUlv 
297 kll 


30 pF 
24 kll 
MMD700J 


1T0tail 
or 
EQuiv 


Tt!stPOtnl~ 
130 pF 1T0lail 


Figure 
11. TTL Equivalent 
Test 
Load 
(Port 
B) 
Figure 
12. CMOS 
Equivalent 
Test 
Load 
(Port 
A) 
Figure 
13. TTL Equivalent 
Test 
Load 
(Ports 
A and C) 
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PORT DC ELECTRICAL CHARACTERISTICS 
IVcc = 5.25 ;: 0.5 Vdc, VSS ~ 0 Vdc, TA = O· to 70·C, unless otherwise 
noted) 


Characteristic 
I 
Symbol 
Min 
Typ 
Max 
Unit 


Port A with CMOS Drive Enabled 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
fLA 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad= -10 
fLA 
VOH 
VCC-1 
- 
- 
V 


Input High Voltage, ILoad = - 300 fLA (max.) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad = - 500 ~ 
Imax.) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current IVin = 2.0 V to VCC) 
IIH 
- 
- 
-300 
fLA 


Hi-Z State Input Current IVin~O.4 V) 
IlL 
- 
- 
-500 
fLA 


Port B 
. 


Output Low Voltage, ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad = 10 mA (sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad = - 200 fLA 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
~ 


Port C and Port A with CMOS Drive Disabled 


Output Low Voltage, 'Load = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
fLA 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITS1 
- 
2 
10 
~ 


SWITCHING CHARACTERISTICS 


(VCC~ + 5.25 ;: 0.5 Vdc, VSS = 0 Vdc, TA = O· to 70·C, unless other noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
MC6805P6 
fosc 
0.4 
- 
4.2 
MHz 
MC68A05P6 
0.4 
- 
6.0 
MC68B05P6 
0.4 
- 
8.0 


Cycle Time (4/foscl 
tcvc 
0.95 
- 
10 
fLs 


INT and TIMER Pulse Width ISee INTERRUPTS) 
tWL,tWH 
tcyc+250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcyc + 250 
- 
- 
ns 


RESET Delay Time IExternal Capacitance = 1.0 fLF) 
tRHL 
.,-- 
100 
- 
ms 


INT Zero Crossing Detection Input Frequency 
flNT 
0.03 
- 
1.0 
kHz 


External Clock Input Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 
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II 


~ Vcc 
f #' Port A CMOS 
I 
Pullup 
OptIOn 


I 


Port DDR 


Port Data 
Port DDR 


Port Data 


Figure 18. I/O Characteristic 
Measurement 
Circuit 
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The following 
information 
is required 
when ordering 
a 
custom 
MCu. The information 
may be transmitted 
to Mo- 


torola 
in the following 
media: 
MOOS, disk file 
MS-DOS/PC-DOS 
disk file 


EPROM(s) 2516, 2716, or 68705P3 


To initiate 
a ROM pattern 
for the MCU, it is necessary 


to first contact the local field service office, a sales person, 
or Motorola 
representative. 


FLEXIBLE DISKS 


Several 
types 
of flexible 
disks (MOOS'"" or MS'""-DOSI 


PC-DOS disk file), 
programmed 
with 
the customer 
pro- 
gram 
(positive 
logic sense for address 
and datal. may be 
submitted 
for pattern 
generation. 
In either case, the dis- 


kette should 
be clearly 
labeled with the customers 
name, 


date, project 
or product 
name, 
and the name of the file 
containing 
the pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code listing 
can be included. 
This data 
will be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the pattern 
file. 


MOOS 
Disk File 


MOOS is Motorola's 
Disk Operating 
System 
available 
on the EXORciser" 
development 
system. 
The disk media 
submitted 
must 
be a single-sided, 
single 
density, 
8-inch 


MOOS compatible 
floppy 
diskette. The diskette 
must con- 
tain the minimum 
set of MOOS system 
files in addition 


to the pattern 
file. 


The .LO output 
of the M6805 cross assembler 
should 


be furnished. 
In addition, 
the file must be produced 
(using 


the ROLLOUT command) 
containing 
the absolute 
image 
of the M6805 memory. 
Include the entire memory 
image 
of both 
data and program 
space. All 
unused 
bytes, 
in- 
cluding 
those 
in the user space, must be set to zero. 


MS-DOS/PC-DOS 
Disk File 


MS-DOS is Microsoft's 
Disk Operating 
System. 
PC-DOS 


is IBM" 
Personal 
Computer 
(PC) Disk Operating 
System. 


Disk media 
submitted 
must be a standard 
density 
(360K) 
double-sided 
5 1/4 inch compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
object 
file code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 


object 
file format 
generated 
by M6805 cross assemblers 
and linkers 
on IBM PC style machines. 


EPROMs 


A 2516, 2716, or 68705P3 type 
EPROM, programmed 


with 
the 
customer's 
program 
(positive 
logic 
sense 
for 
address 
and data). 
may be submitted 
for pattern 
gener- 
ation. 
The EPROM must 
be clearly 
marked 
to indicated 


which 
EPROM corresponds 
to which 
address 
space. 
All unused 
bytes, 
including 
the user's 
space, must 
be 
set to zero. For shipment 
to Motorola, 
EPROMs should 
be placed in a conductive 
IC carrier 
and packed securely. 


Styrofoam 
is not acceptable 
for shipment. 


VERIFICATION 
MEDIA 


All original 
pattern 
media 
(EPROMs or floppy 
disk) are 


filled 
for contractual 
purposes 
and are not 
returned. 
A 


computer 
listing 
of the ROM code will 
be generated 
and 


returned 
along with a listing 
verificatiqn 
form. The listing 
should 
be thoroughly 
checked 
and the verification 
form 


should 
be completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the contractual 


agreement 
for creation 
of the customer 
mask. To aid in 


the verification 
process, 
Motorola 
will program 
customer 


supplied 
blank EPROM(s) or DOS disk from 
the data file 


used to create the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 


be sent for 
program 
verification. 
These 
units 
will 
have 


been made 
using 
the custom 
mask but are for the pur- 


pose of ROM verification 
only. For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with five 


volts at room temperature. 
These RVUs are free with 
the 


minimum 
order 
quantity 
but 
are not 
production 
parts. 


These RVUs are not guaranteed 
by Motorola 
Quality 
As- 


surance. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


IBM 
is a registered 
trademark 
of International 
Business 
Machines 
Corporation. 
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The following 
table 
provides 
generic 
information 
pertaining 
to the package 
type, temperature, 
and MC order 
numbers 


for the 
MC6805P6. 


Internal 
Clock 
Package 
Type 
Frequency 
(MHz) 
Temperature 
Order 
Number 


Plastic 
(P Suffix) 
1.0 
O· to 70·C 
MC6805P6P 


1.0 
-40· 
to 
+85·C 
MC680SP6CP 
1.S 
O· to 70·C 
MC68A05P6P 


2.0 
O· to 70·C 
MC68BOSP6P 
Cerdip 
(S Suffix) 
1.0 
O· to 70·C 
MC680SP6S 
1.S 
O· to 70·C 
MC68AOSP6S 
2.0 
O· to 70·C 
MC68BOSP6S 


PLCC (FN Suffix) 
1.0 
O· to 70·C 
MC680SP6FN 
1.0 
- 40· to 
+ 8SoC 
MC6805P6CFN 
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PIN ASSIGNMENTS 


28-PIN 
DUAL·IN·L1NE 
PACKAGE 
28-LEAD 
PLCC PACKAGE 


VSS 
1. 
28 
RESET 


INT 
27 
PA7 
~ (..)II- 
V> lEi 
"- 
CD 
~ (..) 
z 
V> 
~ 
..• ..• 


VCC 
26 
PA6 
,.. - 
,.. 
cz: .•. .•. 


EXTAl 
4 
2S 
PAS 
/ 
0 
26 


XTAl 
24 
PA4 
XTAl 
25 
PA5 


NUM 
23 
PA3 
NUM 
PA4 


TIMER 
22 
PA2 
TIMER 
PA3 


PCO 
21 
PA1 
PCO 
PA2 


PCl 
20 
PAO 
PCl 
PAl 
PC2 
10 
19 
P87 
PC2 
PAO 
PC3 
11 
18 
PB6 
PC3 
11 
19 
PB7 


PBO 
12 
17 
PB5 
12 
18 
PBl 
13 
16 
PB4 


0 
~ 
N 
M 
.•. '" 
CD 
PB2 
14 
lS 
PB3 
~ 
a> 
a> 
a> 
a> ~ 
.•. .•. .•. .•. 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805R2 (HMOS) 
Microcontroller 
Unit (MCU) is a member 
of the MC6805 Family 
of micro- 
controllers. 
This low cost and high-speed 
MCU has parallel 
I/O capability 
with 
pins programmable 
as input 
or output. 
This publication 
contains 
condensed 
information 
on the MCU; for detailed 
infor- 


mation, 
refer to M6805 
HMOS, 
M146805 
CMOS 
Fami/y 
User's 
Manua/ 
(M6805UM(AD2)) 
or contact 
your 
local Motorola 
sales office. 


Refer to the block diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
l-Bit 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
I/O 


• 
Versatile 
Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Bit Test and Branch Instruction 


• 
Vectored 
Interrupts 


• 
Self-Check 
Mode 


• 
2048 Bytes of ROM 


• 
64 Bytes of RAM 


• 
24 Bidirectional 
I/O Ports 


• 
AID Converter 


PAO 
PAl 
Accumulator 


Port 
PA2 
Data 
A 
PA3 
CPU 
DII 
Index 
Control 
I/O 
PA4 
Reg 
PDQ/AND 
Register 
Lines 
PA5 
X 
PDl/ANl 


PA6 
CondItion 
PD2/AN2 
Port 
PAl 
Code 
PD3/AN3 
D 


RegIster 
CC 
PD4IVRL 
Input 


CPU 
PD5IVRH 
Lines 


Stack 
PD6/~ 


PBO 
POinter 
PDl 


PBl 
Program 
Port 
PB2 
Port 
Data 
Counter 
B 
PB3 


I/O 
B 
DII 
High 
PC 
PB4 
Reg 
Reg 
ALU 
Lines 
PB5 
Program 


PB6 
Counter 


PBl 
B 
Low 
PCO 
PCI 
PC2 
Port 


PC3 
C 


PC4 
1/0 
PC5 
Lines 


PC6 
PCl 
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SIGNAL 
DESCRIPTION 


VCCAND 
VSS 


Power 
is supplied 
to the 
microcomputer 
using 
these 
two 
pins. 
VCC is + 5.25 volts 
(± O.5M power, 
and VSS is 
ground. 


NUM 


This 
pin is not for 
user applications 
and must 
be con- 
nected 
to VSS. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
an external 
interrupt 
to the MCU. 
Refer to INTER- 
RUPTS 
for 
more 
detailed 
information. 


EXTAL,XTAL 


These 
pins 
provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
(depending 
upon 
selected 
manufacturing 
mask 
option) 
is connected 
to these 
pins 
to provide 
a system 
clock. 


RC Oscillator 


With 
this option, 
a resistor 
is connected 
to the oscillator 
pins 
as shown 
in Figure 
1. The 
relationship 
between 
R 
and fosc 
is shown 
in Figure 
2. 


C, 
-G'D- 


EXTAL 
S 
XTAL 


5 
Co 
6 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 


Co=7pFMax 


Freq, 
= 4.0 
MHz 
@ 
CL = 24 
pF 


AS = 50 ohms Max 


Piezoelectric ceramic resonators which 


have 
the 
equivalent 
specifications 
may 
be 


used 
instead 
of crystal 
oscillators, 
Follow 
ceramic 
resonator manufacturer's 
sug- 


gestions 
for 
CO- C" 
and 
AS 
values. 


80 


::C 70 
~ 
>- 60 
u 
tE 
50 
:::> 
5:1 40 
s: 
cc: 
30 
a 
>- 
~ 20 
U 
'" 
10 
a 


0 0 


External 


Clock 
Input 


Figure 
2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using 
a crystal. 
Using 
an external 
CMOS 
oscillator 
is rec- 
ommended 
when 
crystals 
outside 
the 
specified 
ranges 
are to be used. 
The crystal 
and 
components 
should 
be 
mounted 
as close 
as possible 
to the 
input 
pins 
to mini- 
mize output 
distortion 
and startup 
stabilization 
time. 
Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VCC 
specifications. 


6 
XTAL 
....c- 


(See Note) = 


R 
(See Figure 7*5) 


No 
Connection 


Approximately 25% to 50% Accuracy 


Typical 
teye = 1,25 
Jls 


External 
Jumper 


Approximately 
10% 
to 25% 
Accuracy 


(Excludes 
ResIstor 
T olerancel 


External 
Resistor 


NOTE: The recommended 
CL value with a 4.0 MHz crystal is 27 pF maximum, 
including 
system distributed 
capacitance. There is an 
internal capacitance of approximately 
25 pF on the XTAL pin. For crystal frequencies 
other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency 
ratio. For example, with a 2 MHz crystal, use approximately 
50 
pF on EXTAL and approximately 
25 pF on XTAL. The exact value depends on the Motional-Arm 
parameters 
of the crystal 
used. 
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External 
Clock 


An external 
clock should 
be applied 
to the EXTAL input 
with 
the XTAL 
input 
connected 
to ground, 
as shown 
in 
Figure 
1. This option 
may only 
be used with 
the crystal 
oscillator 
option 
selected 
in the mask option 
register. 
The 
tOXOV 
or tlLCH specifications 
do not apply 
when 
using 
an external 
clock input. 


TIMER 


This 
pin 
is used 
as an external 
input 
to control 
the 
internal 
timer/counter 
circuitry. 
This 
pin also 
detects 
a 
higher voltage 
level used to initiate 
the self-test 
program. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO-PA7, PBO-PB7, PCO-PC7,PDO- 
PD7) 


These 32 lines are arranged 
into four B-bit ports 
(A, B, 


C, and D). Ports A, B, and C are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data di- 


rection 
registers. 
Port 
0 is a fixed 
input 
port 
and 
not 


controlled 
by any data direction 
register. 
Port 0 has up 
to four 
analog 
inputs, 
plus two voltage 
reference 
inputs 
when the AID converter 
is used (PD5IVRH, PD4IVRU and 
an INT2 input. 
All Port 0 lines can be read directly 
and 
used as binary 
inputs. 
If any analog 
input 
is used, then 
PD5IVRH and PD4IVRL must be used in the analog 
mode. 


Refer 
to 
PROGRAMMING 
and 
ANAlOG-TO-DIGITAl 
CONVERTER for additional 
information. 


INPUT/OUTPUT 
PROGRAMMING 


Port A, B, and C pins are programmable 
as either input 
or output 
under 
software 
control 
of the corresponding 
data direction 
register 
(DDR). Port 0 lines are input 
only. 


The port I/O programming 
is accomplished 
by writing 
the 
corresponding 
bit in the port DDR to a logic one for output 


and 
a logic 
zero for 
input. 
On reset, 
all the 
DDRs are 
initialized 
to a logic zero state to put the ports in the input 
mode. 
The 
port 
output 
registers 
are not 
initialized 
on 
reset and should 
be written 
to before 
setting 
the 
DDR 
bits. 
When programmed 
as outputs, 
the latched output 
data 
is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This 
port write 
may be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since the 
data 
read corresponds 
to the 
pin 
level 
if the 
DDR is an input (zero) and also to the latched output 
when 
the DDR is an output 
(one). Refer to Table 
1 for I/O func- 
tions 
and to Figure 
3 for typical 
port circuitry. 


Port 
0 provides 
reference 
voltage 
(INT2) 
and 
multi- 
plexed analog inputs. 
Port 0 can always 
be used as digital 
input 
and may 
be used for 
analog 
if VRH and VRL are 
connected 
to the appropriate 
reference 
voltage. 
The VRH 
(PD5) and VRL (PD4) are internally 
connected 
to the AID 
resistor. 


Data 
Latched 
Input 
Direction 
Output 
Output 
To 
Register 
Data 
State 
MCU 
Bit 
Bit 


1 
a 
a 
a 
1 
1 
1 
1 
a 
x 
Hi·Z"'* 
Pin 


"Ports 
Band Care three-state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


The MCU is capable 
of addressing 
4096 bytes of mem- 
ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The 
locations 
consist 
of user 
ROM, self-check 
ROM, 
user RAM, AID registers, 
a miscellaneous 
control 
register, 


Figure 3. Typical 
Port I/O Circuitry 
and 
Register 
Configuration 
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7 


::':'Z:~h!: 
lnS~~~~ons 
128 


256 
256 


4007 


InteHupt! § 
Vectors 
4092 


4093 
4094 
4095 


I/O 
Ports 


Timer 
RAM 


1128 
BytesJ 


Page 
Zero 
User ROM 


1128 
Bytes) 


Main User 
ROM 


(1912 
Bytes) 


Selt Check 


ROM 


(192 
Bytes) 


Port A Data 
Register 


Port 
B Data 
Register 


Port 
C Data 
Register 


Port 0 Data Register 


PorI A DOR· 


Pc..r!B OOR* 


Port C ODR* 


Not Used 


Timer 
Data 
Register 


Timer 
Control 
Register 


Miscellaneous 
Register 


and 1/0. The interrupt 
and reset vectors 
are located 
from 


$FF8 to $FFF. 


The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 


decrements 
during 
pushes 
and increments 
during 
pulls. 


Refer to INTERRUPTS 
for additional 
information. 


AID 
Control 
Register 


AID 
Result 
Register 


Not Used 


148 Bytes) 


RAM 


164 Bytesl 


Stack 


(31 Bytes 
MaXimum) 


NOTE 


Using 
the stack area for data storage 
or temporary 
work 
locations 
requires 
care to prevent 
it from 
being 
overwritten 
due 
to 
stacking 
from 
an 
interrupt 
or 
subroutine 
call. 


The 
MCU 
contains 
the 
registers 
described 
in the 
fol- 


lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used 
to 
hold 
operands 
and 
results 
of arithmetic 
calcu- 
lations 
or data 
manipulations. 


7 
I 
A 
_ 


INDEX REGISTER 
(Xl 


The index 
register 
is an 8-bit 
register 
used 
for the 
in- 


dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 
may. be added 
to an 8- or 16-bit immediate 
value to create 


an effective 
address. 
The index 
register 
may also be used 
as a temporary 
storage 
area. 


7 
0 


I 
X 
I 


PROGRAM 
COUNTER 
(PCI 


The program 
counter 
is an 12-bit 
register 
that contains 
the address 
of the next 
byte to be fetched. 


11 
870 


I 
PCH 
I 
PCl 
I 


STACK 
POINTER 
(SP) 


The stack pointer 
is an 12-bit 
register 
that contains 
the 
address 
of the next free location 
on the stack. 
During 
an 
MCU 
reset 
or the 
reset 
stack 
pointer 
(RSP) instruction, 
the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed 
onto 
the stack and 
incremented 
as data 
is pulled 
from 
the stack. 


The seven 
most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. 
Subroutines 
and 
interrupts 
may 
be nested 
down 
to 
location 
$061 
(31 bytes 
maxi- 
mum), 
which 
allows 
the 
programmer 
to 
use 
up 
to 
15 
levels 
of subroutine 
calls (less if interrupts 
are allowed). 


11 
5 
4 
0 
~spi 


CONDITION 
CODE REGISTER 
(CC) 


The condition 
code 
register 
is a 5-bit 
register 
in which 
four 
bits are used to indicate 
the results 
of the instruction 
just 
executed. 
These 
bits can be individually 
tested 
by a 
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program, 
and specific 
actions 
can be taken as a result of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 


4 
0 
0iliIiliJ 


Half Carry (H) 
This bit is set during 
ADD and ADC operations 
to in- 
dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result 
is a logic one). 


Zero IZI 
When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


CarrylBorrow 
(C) 
When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


The self-check 
is initiated 
by connecting 
the MCU as 
shown 
in Figure 5 and then monitoring 
the output 
of port 
C (bit 
3) for 
an oscillation 
of approximately 
7 Hz. The 
following 
test are executed 
automatically: 


1/0 - 
Functionally 
exercise 
1/0 ports. 
RAM - 
Walking 
bit test. 


ROM - 
Exclusive 
OR with 
ODD "1st" 
parity 
result. 


Timer 
- 
functionally 
exercise 
timer. 


Interrupts 
- 
Functionally 
exercise 
external 
and timer 
interrupts. 


AID Converter- 
Functionally 
test the Analog-to-Digital 
Converter. 


The RAM, ROM, and the AID test can be called 
by a user 
program. 
The timer 
test may be called 
if the timer 
input 
is the internal 
clock. Table 2 shows 
the status of the LEOs 
as a result 
of a failure. 
Port C is tested 
only 
once 
(just 
after reset). If port C fails, 
no lights 
will 
appear. 


PCO 
PC1 
PC2 
PC3 
Remarks (1:LED ON; 0: LED OFF) 


1 
0 
1 
0 
Bad 110 
0 
0 
1 
0 
Bad Timer 
1 
1 
0 
0 
Bad RAM 
0 
1 
0 
0 
Bad ROM 
1 
0 
0 
0 
Bad AID 
0 
0 
0 
0 
Bad Interrupts or Request Flag 
All Flashing 
Good Device 


VS5 
PAl 40 


2 RESET 
PA6 
39 


PAS 38 
3m 
PA4 
37 


4 Vcc 
PA3 J6 
.525V 
10 
.••F 
5 EXIAl 
I 
~ . 
PA2 
3f> 


I;:; 
= 6 XTAl 
PAl 
34 
4 
MH, 
7 NUM IN/C) •• 
PAD 33 


10 k 
a 
TIMER 


.1QV 
LEO 
." 
5100 


9 peo 
P87 
32 
LEO 
." 
10 
10 PCI 
PS6 31 


LEO 
." 
100 
11 PC2 
pe5 30 
LEO ~ 5100 


12 PC3 
PB4 
29 


13 PO 
PB3 
28 


14 pes 
PB2 
'17 


15 peG 
pel 
26 


16 PC7 
PBO 25 


17 P07 


18 POOiliNnl 
POO 24 


19 PD5 
POI 
23 


o I .••F 
P02 
22 


lOpD4 
P03 
21 


-= 


'This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 


··Pin 7 is not for user application and must be connected to VSS. 


Figure 5. Self-Check 
Connections 
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The MCU can be reset three ways: 
(1) by initial 
power- 


up, (2) by the external 
reset input 
(RESET), and (3) by an 
optional, 
internal, 
low-voltage 
detect 
circuit. 
The RESET 
input consists 
mainly 
of a Schmitt 
trigger 
that senses the 
RESET line logic 
level. 


POWER-ON-RESET 
(POR) 


An internal 
reset is generated 
on power-up 
that allows 


the 
internal 
clock 
generator 
to stabilize. 
The 
power-on 


reset 
is used 
strictly 
for 
power 
turn-on 
conditions 
and 


should 
not be used to detect any drop in the power supply 


voltage. 
A delay of tRHL milliseconds 
is required 
before 


allowing 
the 
RESET input 
to go high. 
Connecting 
a ca- 


pacitor 
to the RESET input 
(Figure 
6) typically 
provides 


sufficient 
delay. 


EXTERNAL 
RESET INPUT 


~ 
MCU is reset when 
a logic 
zero is applied 
to the 


RESET input 
for a period 
longer 
than one machine 
cycle 


(tcye!. Under this type of reset, the Schmitt trigger switches 
off at VIRES _ to provide 
an internal 
reset voltage. 


LOW-VOLTAGE 
INHIBIT 
(LVI) 


The optional 
low-voltage 
detection 
circuit 
causes a re- 


set of the MCU if the power 
supply 
voltage 
falls below 
a 
certain 
level (VLVI). 
The only requirement 
is that the VCC 
must remain 
at or below 
the VLVI 
threshold 
for one tcyc 


minimum. 


In typical 
applications, 
the VCC 
bus filter 
capacitor 
will 


eliminate 
negative-going 
voltage 
glitches 
of less than one 
tcyc. 
The output 
from 
the 
low-voltage 
detector 
is con- 
nected directly 
to the internal 
reset circuitry. 
It also forces 


the RESET pin low via a strong 
discharge 
device through 


a resistor. 
The internal 
reset is removed 
once the power 


supply 
voltage 
rises 
above 
a recovery 
level 
(VLVR) 
at 


which 
time a normal 
power-on 
reset occurs. 


The MCU can be interrupted 
four 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with the 


internal 
timer 
interrupt 
request, 
(3) using 
the 
software 
interrupt 
instruction 
(SWI) or (4) the external 
port D bit 6 
(INT21 input 
pin. 


Interrupts 
cause the processor 
registers 
to be saved on 
the 
stack 
and the 
interrupt 
mask 
(I bit) 
set to prevent 


additional 
interrupts. 
The RTI instruction 
causes the reg- 


ister contents 
to be recovered 
from 
the stack, and then 
normal 
processing 
resumes. 
The stacking 
order is shown 
in Figure 7. 
Unlike 
RESET, hardware 
interrupts 
do not 
cause 
the 
current 
instruction 
execution 
to be halted 
but are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being 
operated 
on. 


Figure 6. RESET Configuration 


Pull 


1 


n-4 
Condition 
Code 
Register 
n+l 
! 


n-3 
Accumulator 
n+2 


n-2 
n+3 


n-l 
PCH' 
n+4 


PCL' 
n+5 


Push 
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When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardware 
interrupts 
and, if unmasked 
(I bit clear), 
proceeds 
with 
interrupt 
processing; 
other- 
wise, the next instruction 
is fetched and executed. Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status bit is cleared before unmasking 
the 
interrupt, 
then the interrupt 
is not latched. 


If both an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 8 for the reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


If the timer 
mask bit (TCR6) is cleared, then, each time 
the timer decrements 
to zero (transitions 
from $01 to $00). 


an interrupt 
request 
is generated. 
The actual 
processor 
interrupt 
is generated 
only if the interrupt 
mask bit of the 
condition 
code register 
(CCR) is also cleared. 
When 
the 
interrupt 
is recognized, 
the current 
state of the machine 
is pushed 
onto 
the stack and the I bit in the CCR is set, 
masking 
further 
interrupts 
until the present 
one is serv- 
iced. The contents 
of the timer 
interrupt 
vector, 
contain- 
ing the location 
of the timer 
interrupt 
service 
routine, 
is 


l-lllnCCI 
OlF-SP 
O-DDRs 
CLA iNT logIC 


FF-Timer 


7F - 
Prescaler 
7F-TCR 
7F-MR 


load PC 
From 
FFE/FFF 


then loaded 
into the program 
counter. 
At the end of the 
timer 
interrupt 
service routine, 
the software 
normally 
ex- 


ecutes an RTI instruction 
which 
restores the machine 
state 


and starts executing 
the interrupted 
program. 


The external 
interrupt 
is intern9Jly 
synchronized 
and 


then latched on the falling 
edge of INT and INT2. Clearing 
the I bit enables the external 
interrupt. 
The INT2 interrupt 
has an interrupt 
request 
bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous 
register 
(MR). The INT2 interrupt 
is 
inhibited 
when 
the mask 
bit is set. The INT2 is always 
read as a digital 
input 
on port 
D. The 
INT2 and timer 


interrupt 
request 
bits, if set, cause the MCU to process 
and interrupt 
when the condition 
code I bit is clear. The 
following 
paragraphs 
describe 
two 
typical 
external 
in- 
terrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal 
(fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 9a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 


the ac sinusoid). 
This type of circuit 
allows 
applications 


Load PC From 
SWI" 
FFCI FFD 
INT 
FFA/FFB 
TImer 
or 
INT2. FFB/FF9 


I 
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such as servicing 
time-of-day 
routines 
and engaging/dis- 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and thereby 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 9b). the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
freque~ 
of a 
signal 
that 
can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 
Refer to TIMER for additional 
information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable 
instruction 
that is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes 
after the other 
interrupts. 
The SWI 
execution 
is similar 
to the hardware 
interrupts. 


The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit 
prescaler. 
The timer 
source 
is 
made during 
manufacturing 
as a mask option. 
The 8-bit 
counter 
may 
be loaded 
under 
program 
control 
and 
is 
decremented 
toward 
zero. When the timer 
reaches zero, 


the timer 
interrupt 
request 
bit (bit 7) in the timer 
control 
register 
(TCR) is set. Refer to Figure 
10 for timer 
block 
diagram. 
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The timer 
interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 6) in the TCR. When the 
I bit in the condition 
code register 
is cleared, 
the proces- 
sor receives the interrupt. 
The MCU responds 
to this in- 
terrupt 
by 1) saving 
the present 
CPU state on the stack, 
2) fetching 
the timer 
interrupt 
vector, 
and 3) executing 
the interrupt 
routine. 
The timer 
interrupt 
r~st 
bit must 
be cleared 
by sohware. 
The TIMER and INT2 share the 
same interrupt 
vector, therefore 
the interrupt 
routine 
must 
check 
the 
request 
bits to determine 
the 
source 
of the 
interrupt. 
Refer to RESETS and INTERRUPTS 
for 
addi- 
tional 
information. 
The prescaler 
is a 7-bit divider 
which 
is used to extend 
the maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 
a logic 
one; 
however, 
the TCR bit 3 always 
reads as a 
logic zero to ensure 
proper 
operation 
with 
read-modify- 
write 
instructions. 
The timer continues 
to count past zero, falling 
from $00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time by reading the timer data register 
(TDR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 
turbing 
the counting 
process. 
Three 
machine 
cycles are 
required 
for a change 
in state of the TIMER pin to dec- 
rement 
the timer 
prescaler. 
Clock input to the timer 
can be from 
an external 
source 
or from the internal 
phase two signal. Clock source is one 
of the mask options. 
A prescaler 
mask option 
is available 
to select a divide 
option 
of a power 
of two 
up to 128. 
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TIMER CONTROL REGISTER ITCR) ($009) 


This 8-bit 
register 
controls 
various 
functions 
such as 
write 
timer 
interrupt 
request, timer 
interrupt 
inhibit, 
and 
prescaler 
clear. Bit 3 is write 
only. 


7 
6 
5 
4 
3 


TIR - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 
one. 


1 = Set when the timer 
data register 
changes to all 
zeros. 


0= Cleared 
by external 
reset, power-on 
reset, or 
under program 
control. 


TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt. 


1 = Interrupt 
inhibited. 


0= Interrupt 
enabled. 


PSC - 
Prescaler 
Clear 
Write 
only 
bit. Writing 
a one to this 
bit resets the 
prescaler 
to zero. A read of this location 
always 
in- 
dicates a zero. 
Bits 5, 4, 2, 1, 0 - 
Not Used. 


The chip resident 8-bit analog-to-digital 
(AID) converter 
uses a successive 
approximation 
technique 
as shown 
in 
Figure 11. Four external 
analog 
inputs can be connected 
to the AID through 
a multiplexer 
via Port D. Four internal 
analog channels 
(VRH-VRl, 
VRH-VRl/2, 
VRH-VRl/4, 
and 
VRl) 
may 
be selected 
for 
calibration. 
The accuracy 
of 
these internal 
channels 
may not meet the accuracy spec- 
ifications 
of the external 
channels. 


Multiplexer 
selection 
is controlled 
by the AID control 
register 
(ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 


tiplexer 
selection. 
The ACR is shown 
in Figure 
11. The 


converter 
uses 30 machine 
cycles to complete 
a conver- 
sion of a sampled 
analog 
input. When the conversion 
is 
complete, 
the 
digital 
value 
is placed 
in the AID 
result 


register 
(ARR), the conversion 
flag set, selected 
input 
is 
sampled 
again, and a new conversion 
starts. When ACR7 
is cleared, the conversion 
in progress 
is aborted 
and the 


selected 
input 
is sampled 
for 
five 
machine 
cycles 
and 
held internally. 


AID Control Register 
Input 
AID Output 
(Hex) 


ACR2 
ACR1 
ACRO 
Selected 
Min 
Typ 
Max 


0 
0 
0 
ANO 
0 
0 
1 
AN1 
0 
1 
0 
AN2 


0 
1 
1 
AN3 
1 
0 
0 
VRH" 
FE 
FF 
FF 
1 
0 
1 
VRL" 
00 
00 
01 
1 
1 
0 
VRH/4" 
3F 
40 
41 


1 
1 
1 
VRH/2" 
7F 
80 
81 


The converter 
uses VRH and VRl as reference voltages. 


An input 
voltage 
equal to or greater 
than VRH converts 
to $FF. An input 
voltage 
equal to or less than 
VRl, 
but 
greater 
than VSS, converts 
to $00. Maximum 
and mini- 
mum 
ratings 
must 
not be exceeded. 
Each analog 
input 
source 
should 
use VRH as the 
supply 
voltage 
and 
be 
referenced 
to 
VRl 
for 
the 
ratio metric 
conversion. 
To 
maintain 
full 
accuracy 
of the 
AID, 
three 
requirements 


should 
be followed: 
(1) VRH should 
be equal to or less 
than VDD, (2) VRl should 
be equal to or greater than VSS 
but less than maximum 
specifications, 
and (3) VRH-VRl 
should 
be equal to or greater 
than 4 volts. 


The AID has a built-in 
1/2 lSB offset intended 
to reduce 


the magnitude 
of the quantizing 
error to :!: 1/2 lSB, rather 
than 
+ 0, -1 
lSB 
with 
no offset. 
This 
implies 
that, 
ig- 


noring 
errors, the transition 
point from $00 to $01 occurs 


at 1/2 lSB 
above VRl. 
Similarly, 
the transition 
from 
$FE 
to $FF occurs 
1-1/2 lSB 
below 
VRH, ideally. 
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1-01-8 
Select 


Multiplexer 


AID 


Result 


RegIster 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-441 


• 


The MCU 
has a set of 59 basic 
instructions 
which 
can 
be divided 
into five different 
types: 
register/memory, 
read- 


modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 


erand 
is either 
the accumulator 
or the index 
register. 
The 
other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The 
jump 
unconditional 
(JMP) 
and 
jump 
to 
subroutine 
(JSR) 
instructions 
have 
no register 
operand. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the first 
256 bytes of the memory 
space, where 
all port registers, 
port DDRs, timer, 
timer 
control, 
and on- 


chip 
RAM 
reside. 
An additional 
feature 
allows 
the 
soft- 


ware 
to test 
and 
branch 
on the 
state 
of any 
bit within 
these 
256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For test 
and 
branch 
instructions, 
the value 
of 
the bit tested 
is also placed 
in the carry bit of the condition 
code 
register. 
Refer to the following 
list for 
bit manipu- 


lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O. 
.. 71 


Branch if Bit n is Clear 
BRCLR n (n=O. 
.. 7) 


Set Bit n 
BSET n (n=O. 
.. 7) 


Clear Bit n 
BCLR n (n =0. 
.. 7) 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test its contents, 
and write 
the 
modified 
value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero (TST) instruction 
is an exception 
to the 


read-modify-write 
sequence 
since 
it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 


tion is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer 
to the 
fol- 


lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch 
if Lower 
or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHSI 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEG 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt Line is Low 
BIL 


Branch if Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 
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CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer to the 
following 
list for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt Mask Bit 
SEI 


Clear Interrupt Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 4 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU uses ten different 
addressing 
modes to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, 
code cov- 
ersion tables, and scaling tables anywhere 
in the memory 
space. 
Short 
indexed 
accesses 
are single-byte 
instruc- 
tions, 
while 
the longest 
instructions 
(three bytes) permit 
accessing 
tables throughout 
memory. 
Short and long ab- 
solute 
addressing 
is also included. 
Two-byte 
direct-ad- 
dressing 
instructions 
access 
all 
data 
bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach all memory. 
The term 
"effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode is used to access constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., a 
constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct 
addressing 
mode, the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two 
bytes following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the B- 
bit signed 
byte (the offset) following 
the opcode 
is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. 


INDEX. 
NO OFFSET 


In the indexed, 
no offset addressing 
mode. the effective 
address 
of the argument 
is contained 
in the B-bit index 
register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only 
one byte 
long. This mode is often 
used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or I/O location. 


INDEXED. 
8-BIT OFFSET 


In the 
indexed, 
B-bit offset 
addressing 
mode. 
the ef- 
fective 
address 
is the sum of the contents 
of the unsigned 
B-bit index 
register 
and the unsigned 
byte following 
the 
oocode. 
The addressing 
mode 
is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with the address 
of 
the 
beginning 
of the 
table 
in the 
instruction. 
As such. 
tables 
may begin 
anywhere 
within 
the first 
256 address- 


able 
locations 
and could 
extend 
as far as location 
510 
($1 FE is the 
last location 
at which 
the 
instruction 
may 
begin). 


INDEXED. 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode. 
the ef- 
fective address 
is the sum of the contents 
of the unsigned 
B-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This addressing 
mode can be used in a man- 
ner similar 
to indexed. 
B-bit offset 
except 
that this three- 


byte instruction 
allows 
tables to be anywhere 
in memory. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode. 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Thus. 
any read/ 


write 
bit in the first 
256 locations 
of memory, 
including 
I/O, can be selectively 
set or cleared 
with 
a single 
two- 


byte instruction. 


CAUTION 


The corresponding 
DDRs for ports 
A, B. and Care 
write-only 
registers 
(registers 
at $004, 
$005, 
and 
$006). A read operation 
on these 
registers 
is un- 
defined. Since BSET and BCLR are read-modify-write 
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Indexed, 
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Indexed, 
2 Byte 116-Bitl Offset 


I of Cycle. 


Mnemonic 


Bytes 


functions, 
these 
instructions 
cannot 
be used to set 
or clear 
a DDR bit (all "unaffected" 
bits 
would 
be 
set). 
It is recommended 
that 
all DDR bits 
in a port 
be written 
using 
a single-store 
instruction. 


BIT TEST AND BRANCH 


The 
bit test 
and 
branch 
addressing 
mode 
is a combi- 
nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit that 
is to be tested 
and 
its condition 
(set or clear) 
is 
included 
in the 
opcode. 
The 
address 
of the 
byte 
to 
be 
tested 
is in the 
single 
byte 
immediately 
following 
the 
opcode 
byte. 
The signed 
relative 
8-bit 
offset 
in the third 
byte is added 
to the PC if the specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single 
three-byte 


instruction 
allows 
the 
program 
to branch 
based 
on the 
condition 
of any readable 
bit in the first 
256 locations 
of 
memory. 
The span 
of branching 
is from 
-125 
to + 130 
from 
the 
opcode 
address. 
The 
state 
of the 
tested 
bit is 
also 
transferred 
to 
the 
carry 
bit 
of the 
condition 
code 
register. 


INHERENT 


In the 
inherent 
addressing 
mode, 
all the 
information 
necessary 
to execute 
the 
instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only 
the index 
register 
or 
accumulator 
as well 
as the 
control 
instruction 
with 
no 
other 
arguments 
are 
included 
in this 
mode. 
These 
in- 
structions 
are one 
byte 
long . 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to +7.0 
V 


Input Voltage 
Vin 
-0.3 
to + 15.0 
V 
Self-Check Mode 
(TIMER Pin Only) 


Operating Temperature 
Range 
TA 
TL to TH 
°c 
MC6805R2 
o to + 70 
MC6805R2C 
-40 to 85 
MC6805R2V 
-40 
to 105 


Storage Temperature 
Range 
TstQ 
-55 
to + 150 
°c 


Junction 
Temperature 
TJ 
°c 
Plastic 
50 
PLCC 
150 
Cerdip 
175 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal 
precautions 
be taken to avoid 
application 
of any voltage higher than max- 


imum-rated 
voltages to this high-impedance 


circuit. 
For 
proper 
operation 
it 
is 
recom- 


mended the Vin and Vout be constrained 
to 
the range VSS~(Vin 
and Vout)~VCC. 
Relia- 
bility of operation 
is enhanced if unused in- 


puts, except EXTAL, are tied to an appropriate 
logic voltage level (e.g., either VSS or VCC)· 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
6JA 
°CIW 
Plastic IP Suffix) 
60 
PLCC (FN Suffix) 
100 
Cerdip (S Suffix) 
60 


The average 
chip-junction 
temperature, 
TJ' in °C can 
be obtained 
from: 


where: 


TA 
°JA 


Po 
PINT 
PPORT 


= Ambient 
Temperature, 
°c 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient,OCIW 


= PINT + PPORT 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Dissipation, 
Watts 
- 
User 
Determined 


For 
most 
applications 
PPORT<PINT 
and 
can 
be 
ne- 
glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Darlington 
bases 
or sink 
LED loads. 
An 
approximate 
relationship 
between 
PD and 
TJ (if 


PPORT is neglected) 
is: 
Po = K+ (TJ + 273°C) 
(2) 
Solving 
equations 
(1) and 
(2) for K gives: 


K = PD • (TA + 273°C) + OJA'PD2 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 


K can be determined 
from 
equation 
(3) by measuring 
PD 
(at equilibrium) 
for 
a known 
TA Using 
this 
value 
of 
K, 


the values 
of PD and TJ can be obtained 
by solving 
equa- 


tions 
(1) and (2) iteratively 
for any value 
of TA 


• 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 
RESET (4.75",VCC"'5.75) 
4.0 
- 
VCC 
VCC(4.751 
VCC - 0.5 
- 
VCC 
INT (4.75"'VCC"'5.75) 
4.0 
, 
VCC 


(VCC<4.75) 
VCC - 0.5 
, 
VCC 


All Other 
2.0 
- 
VCC 


Input High Voltage Timer 
VIH 
V 
Timer Mode 
2.0 
- 
VCC+ 1.0 


Self-Check Mode 
9.0 
10.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
VSS 
- 
0.8 


INT 
VSS 
, 
1.5 


All Other (Except AiD Inputs) 
VSS 
- 
0.8 


RESET Hysteresis Voltages 
V 
"Out of Reset" 
VIRES+ 
2.1 
- 
4.0 


"Into Reset" 
VIRES- 
0.8 
- 
2.0 


INT Zero-Crossing 
Input Voltage, Through a Capacitor 
VINT 
2 
- 
4 
Vac pop 


Power Dissipation - 
(No Port Loading, VCC= 5.75 V 
PD 
- 
520 
740 
mW 


TA=O°C 
- 
580 
800 


for Steady-State Operation) 
TA= 
-40°C 


Input Capacitance 
Cin 
pF 
XTAL 
- 
25 
- 


All Other Except Analog Inputs (See Note) 
- 
10 
- 


Low Voltage Recover 
VLVR 
- 
- 
475 
V 


Low Voltage Inhibit 
VLVI 
2.75 
3.75 
4.70 
V 


Input Current 
",A 


TIMER (Vin = 0.4) 
- 
- 
20 
INT (Vin = 2.4 V to VCCI 
- 
20 
50 


EXTAL (Vin = 2.4 V to VCC Crystal Option) 
lin 
- 
- 
10 
(Vin = 0.4 V Crystal Option) 
- 
- 
1600 


RESET (Vin = 0.8 V) 
IRES 
-40 
- 
40 
(External Capacitor Charging Current) 


NOTE: Port D Analog Inputs, when selected Cin = 25 pF for the first 5 out of 30 cycles. 
'Due to internal biasing this input (when unused) floats to approximately 
2.0 V. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
fosc 
0.4 
- 
42 
MHz 


Cycle Time (4/foscl 
tcvc 
0.95 
- 
10 
"'s 


INT, INT2, and TIMER Pulse Width 
tWL,tWH 
tcvc + 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc + 250 
- 
- 
ns 


INT Zero-Crossing 
Detection Input Frequency 
flNT 
0.03 
- 
1 
kHz 


External Clock Input Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 


Crystal Oscillator Start-Up Time 
- 
- 
- 
100 
ms 
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Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Total Error 
- 
- 
+/- 
2.25" 
LSB 
Difference between ideal and actual trans- 
fer characteristics 
(includes 
non-linearity, 


zero offset and full scale errors) 


Absolute Accuracy 
- 
- 
+/- 
2.75" 
LSB 
Difference between the actual input voltage 
and the full-scale 
weighted 
equivalent 
of 


the binary 
output 
code. All error sources 


included 


Quantizing 
Error 
- 
- 
+/- 
.5 
LSB 
Uncertainty 
due to converter 
resolution 
(in· 


herent) 


Conversion 
Range 
VRL 
- 
VRH 
V 


VRH 
- 
- 
VCC 
V 
AID accuracy may decrease proportionately 
as VRH is reduced below 4.75 V. The sum 


VRL 
VSS 
- 
0.2 
V 
of VRH and VRL must not exceed VCC 


Conversion 
Time 
30 
30 
30 
tcvc 
Includes sample time 


Monotonicity 
Inherent with total error 


Sample Time 
5 
5 
5 
tcvc 


Sample Hold Capacitance, Input 
- 
- 
25 
pF 


Analog Input Voltage 
VRL 
- 
VRH 
V 
Negative transients on any analog lines (Pins 
19-24) are not allowed 
at any time during 


conversion. 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A with CMOS Drive Enabled 


Output Low Voltage, ILoad = '.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage. ILoad = -100 
.,.A- 
VOH 
2.4 
- 
- 
V 


Output High Voltage. ILoad= -10.,.A- 
VOH 
VCC-1.0 
- 
- 
V 


Input High Voltage. ILoad = - 300 J-LA(max.) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad = - 500 .,.A-(max.) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to VCC) 
IIH 
- 
- 
-300 
J-LA 


Hi-Z State Input Current (Vin = 0.4 VI 
IlL 
- 
- 
-500 
J-LA 


Port B 


Output Low Voltage. ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage. ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad = - 200 .,.A- 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Sourcel. VO= 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
J-LA 


Port C and Port A with TTL Drive 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = - 100 J-LA 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
J-LA 


Port C (Open-Drain Option) 


Input High Voltage 
VIH 
2.0 
- 
13.0 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Leakage Current (Vin = 13.0 V) 
ILOD 
- 
<3 
15 
fLA 


Output Low Voltage ILoad= 1.6 mA 
VOL 
- 
- 
0.4 
V 


Port 0 (Digital Inputs Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Current 
lin 
- 
<1 
5 
fLA 
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MMD6150 
or Equiv. 


Test Point o~--l-I'"., 
1'0,"" 


Figure 12. TIL Equivalent 
Test Load 
(Port B) 
Figure 13. CMOS Equivalent 
Test Load 
(Port Al 
• 


Figure 14. TIL Equivalent 
Test Load 
(Ports A and CI 
Figure 15. Open-Drain 
Equivalent 
Test Load 
(Port C) 
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~ 


VCC 


PortA 
CMOS 


k Pull up Option 
I 
I 
I 
I 


Test Pomt .-l--?, 


Figure 19. 1/0 Characteristic 


Measurement 
Circuit 
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ORDERING INFORMATION 


The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 


MDOS@, 
disk file 
MS@-DOS/PC-DOS 
disk file 
EPROM(s) 
MC68705R3, 
2532, 2732, or two 
2516/2716 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to first contact 
the local field 
service 
office, 
a sales person, 


or Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MDOS 
or MS-DOS/PC- 
DOS disk file). 
programmed 
with 
the customer 
program 
(positive 
logic 
sense for address 
and data), 
may 
be sub- 
mitted 
for pattern 
generation. 
In either 
case, the diskette 
should 
be clearly 
labeled 
with 
the customers 
name, 
date, 
project 
or product 
name, 
and the 
name 
of the file 
con- 
taining 
the 
pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to speed up the process 
in case of any difficulty 
with 
the 
pattern 
file. 


MOOS 
Disk 
File 


MDOS 
is Motorola's 
Disk Operating 
System 
available 
on the EXORciser'" 
development 
system. 
The disk media 
submitted 
must 
be a single-side, 
single-density, 
8-inch 
MDOS compatible 
floppy 
diskette. 
The diskette 
must con- 
tain 
the 
minimum 
set of MDOS 
system 
files 
in addition 
to the 
pattern 
file. 


The 
.LO output 
of the 
M6805 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must be produced 
(using 
the 
ROLLOUT 
command) 
containing 
the absolute 
image 
of the M6805 
memory. 
Include 
the entire 
memory 
image 
of both 
data 
and 
program 
space. 
All 
unused 
bytes, 
in- 
cluding 
those 
in the 
user space, 
must 
be set to zero. 


MS-DOS/PC-DOS 
Disk File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM'" 
Personal 
Computer 
(PC) Disk Operating 
System. 


Disk media 
submitted 
must 
be a standard 
density 
(360K) 
double 
sided 
5 1/4 inch 
compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
object 
file 
code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


EPROMs 


An 
MC68705R3, 
2532, 2732, 
2516 (2), or 2716 (2) type 
EPROM(s). 
programmed 
with 
the customer 
program 
(po- 
sitive 
logic sense for address 
and data) may be submitted 
for pattern 
generation. 
Since all program 
and data space 
information 
will 
fit on one MC68705R3/2532/2732 
or two 
2516/2716 
type 
EPROM(s). 
the 
EPROM(s) 
must 
be pro- 
grammed 
as described 
in the following 
paragraph. 


For the 
2532, 2732, or the 
MC68705R3, 
the 
ROM code 
should 
be located 
from 
$080 
to $FF; 
and 
$700 to $F37 
and the interrupt 
vectors 
from 
$FF8 to $FFF. For the 2516's 
or 2716's, 
the ROM code 
should 
be located 
from 
$080 to 
$FF and $7CO to $7FF in the first 
EPROM 
and from 
$0 to 
$737 in the second 
EPROM. The interrupt 
vectors 
should 
be in the second 
EPROM 
from 
$7F8 to $7FF. 


EPROM 
MARKING 


xxx 
xxx 
xxx 


M 
:; 
:; 
"'a:: 
M~ 
-0 
"00 
•••. 
0 
~fu 
Ca:: 
~S; 
"'fb 
fllB 
"':; 


$080 
$800 
$080 


VERIFICATION 
MEDIA 
• 
All original 
pattern 
media 
(EPROMs 
or floppy 
disk) 
are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code 
will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the 
contractual 
agreement 
for 
creation 
of the 
customer 
mask. 
To aid 
in the 
verifi- 
cation 
process, 
Motorola 
will 
program 
(customer 
sup- 
plied) 
blank 
EPROM(s) 
or DOS disk from 
the data file used 
to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the 
custom 
mask 
but are for 
the 
pur- 
pose of ROM verification 
only. 
For expediency 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
at room 
temperature 
and five volts. 
These 
RVUs are free with 
the 
minimum 
order 
quantity 
but 
are 
not 
production 
parts. 
These 
RVUs 
are 
not 
guaranteed 
by 
Motorola 
Quality 
Assurance. 


ORDERING 
INFORMATION 


The following 
table 
provides 
generic 
information 
per- 
taining 
to the 
package 
type, 
temperature, 
and 
MC 
part 
numbers 
for the 
MC6805R2. 


Package Type 
Temperature 
Part Number 


Plastic 
O·Cto 70·C 
MC680SR2P 


(P Suffix I 
- 40·C to + 8S·C 
MC680SR2CP 


Cerdip 
O·Cto 70·C 
MC680SR2S 
S Suffix 
- 40·C to + 8S·C 
MC680SR2CS 


PLCC 
O·Cto 70·C 
MC680SR2FN 
FN Suffix 
- 40·C to + 8S·C 
MC680SR2CFN 


MOOS is a trademark 
of Motorola 
Inc. 
MS is a trademark 
of Microsoft, 
Inc. 
EXORciser is a registered trademark 
of Motorola 
Inc. 


IBM is a registered trademark of International 
Business Machines Corporation. 
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Vss '. 


40 
PA7 


REm 
7 
)" 
PA6 


iN'! 
3 
38 
PA5 


VCC 
• 
37 
PA4 


EXT AL 
5 
36 
PA3 


XTAL 
6 
35 
PA2 


1VSSI 
NUM 
7 
34 
PAl 


TIMER 
6 
33 
PAQ 


PCO • 
32 
PB7 


PC1 
10 
31 
PB6 


PC2 
11 
)0 
PB5 


PC3 
12 
7' 
PB4 


PC4 
13 
78 


PC5 ,. 


PC6 


PC7 


PD6/1NT2 


PD5/VRH 


PD4IVRL 


40 
39 
PA3 


1 
PA2 
PAl 
PAO 


PB7 


PB6 
PBS 


PB4 


PB3 


PB2 


, PBl 


XTA(, 
7 


(VSSI NUM _ 


TIMER 
[ 


PCO 
PCl 
' 


PC2 
PC3 
PC4 
PCS 
NC 
PC6 l 17 
18 
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Technical Summary 
a-Bit Microcontroller Unit 


The MC6805R3 
(HMOS) 
Microcontroller 
Unit (MCU) is a member 
of the MC6805 Family 
of micro- 
computers. 
This low cost and high-speed 
MCU has parallel 
1/0 capability 
with 
pins programmable 
as input or output. 
This publication 
contains 
condensed 
information 
on the MCU; for detailed 
infor- 
mation. 
refer to M6805 HMOS, M146805 CMOS Family User's Manual (M6805UM(AD2)) 
or contact 
your 
local Motorola 
sales office. 
Refer to the block diagram 
for the hardware 
features 
and to the below 
list for additional 
features 


available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
1/0 


• 
Versatile 
Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
Self-Check 
Mode 


• 
3776 Bytes of ROM 


• 
112 Bytes of RAM 


• 
24 Bidirectional 
1/0 Ports 


• 
AID Converter 


PAO 
PAl 
Accumulator 
Pon 
PA2 
Data 
CPU 
A 
PA3 
011 
Index 
Control 
1,0 
PA4 
Reg 
PDO/ANO 
Register 
Lines 
PA5 
X 
P01/ANl 
PA6 
Condition 
P02/AN2 
Port 
PAl 
Code 
P03/AN3 
° 
RegIster 
CC 
P04IVRL 
Input 


CPU 
P05IVRH 
lines 


Stack 
PD6/Tm7 


PBO 
POinter 
PO? 


5 


PBl 
Program 
Port 
PB2 
Port 
Data 
Counter 
B 
PB3 
B 
011 
4 
HIgh 
110 
PB4 
ALU 


LInes 
PB5 


Reg 
Reg 
Program 


PB6 
Counter 


PB? 
8 
Low 
PCO 
PCl 
PC2 
Port 


PC3 
C 


PC4 
110 
PC5 
lInes 
PC6 
PC? 
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VCCAND 
VSS 


Power 
is supplied 
to the microcomputer 
using 
these 


two 
pins. VCC is + 5.25 volts (± O.5M power, 
and VSS is 


ground. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 


plying 
an external 
interrupt 
to the MCU. Refer to INTER- 


RUPTS for more detailed 
information. 


EXTAL,XTAL 


These pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 


nation, 
or an external 
signal 
(depending 
upon 
selected 
manufacturing 
mask option) 
is connected 
to these pins 
to provide 
a system 
clock. 


RC Oscillator 


With this option, 
a resistor is connected 
to the oscillator 
pins as shown 
in Figure 
1. The relationship 
between 
R 
and fosc is shown 
in Figure 2. 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using a crystal. 
Using an external 
CMOS oscillator 
is rec- 


C, 


EXTAL~~XTAL 


5 
~f-J 
6 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 


Co= 
7 pF 
Max 
FreQ 
= 4 a MHz 
@ 
CL = 24 pF 
AS=50 ohms Max 


PiezoelectriC ceramic resonators which 
have the eqUivalent specifications 
may be 


used 
Instead 
of crystal 
OSCIllators 
Follow 
ceramic 
resonator manufacturer's 
sug- 


gestions for CO. C" 
and AS values. 


80 


I 
70 


~ 
60 


>'-' 
50 
c: 
'" 
::> 
40 
0- 
~ 
30 


~ 
20 
'" 
10 
0 


0 0 


El(lefnaf 


Clock 
Input 


2O~4050 


Resistance (k!ll 


Figure 2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


om mended 
when 
crystals 
outside 
the specified 
ranges 
are to be used. The crystal 
and components 
should 
be 


mounted 
as close as possible 
to the input 
pins to mini- 


mize output 
distortion 
and startup 
stabilization 
time. 
Re- 


fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VCC 
specifications. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL input 
with 
the XTAL input 
connected 
to ground, 
as shown 
in 


R 


(See Figure 7-51 


No 
Connec!lon 


ApprOXimately 
25% 
to 50% 
Accuracy 
Typical 
'eye::O 
1 25 itS 
External 
Jumper 


ApprOXimately 
10% 
10 25% 
Accuracy 


lExcludes 
ReSistor 
Tolerance) 


External 
ResIstor 


NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz. the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example. with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal 
used. 
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Figure 
1. This option 
may only 
be used with 
the crystal 
oscillator 
option 
selected 
in the mask option 
register. 
The 
toxOV 
or tlLCH specifications 
do not apply when 
using 
an external 
clock input. 


TIMER 


This 
pin 
is used 
as an external 
input 
to control 
the 
internal 
timer/counter 
circuitry. 
This 
pin also 
detects 
a 
higher voltage 
level used to initiate the self-test 
program. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO·PA7, 
PBO·PB7, PCO-PC3) 


These 32 lines are arranged 
into four 8-bit ports (A B, 
C, and D). Ports A, B, and C are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data di- 
rection 
registers. 
Port 
D is a fixed 
input 
port 
and 
not 
controlled 
by any data 
register. 
Port 
D has up to four 
analog 
inputs, 
plus two voltage 
references 
inputs 
when 
the AID converter 
is used (PD5NRH, 
PD4NRL), 
and an 
INT2 input. All Port D lines can be read directly 
and used 
as binary 
input. 
If any analog 
input is used, then VRH and 
VRL must 
be used 
in the 
analog 
mode. 
Refer to PRO- 
GRAMMING 
and ANALOG-TO-DIGITAL 
CONVERTER 
for 
additional 
information. 


INPUT/OUTPUT 
PROGRAMMING 


Ports A, B, and C are programmable 
as either 
input 
or 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Port D lines are input 
only. 
The 
port 
I/O programming 
is accomplished 
by writing 
the 
corresponding 
bit in the port DDR to a logic one for output 
and 
a logic 
zero for 
input. 
On reset, 
all the 
DDRs are 
initialized 
to a logic zero state to put the ports in the input 
mode. 
The 
port 
output 
registers 
are not 
initialized 
on 
reset 
and should 
be written 
to before 
setting 
the 
DDR 
bits. 


When programmed 
as outputs, 
the latched output 
data 
is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port 
write 
may be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since 
the 
data 
read corresponds 
to the 
pin 
level 
if the 
DDR is an input 
(zero) and, also, to the 
latched 
output 
when 
the 
DDR is an output 
(one). Refer to 
Table 
1 for 
I/O functions 
and to Figure 
3 for typica~ 
circuitry. 
Port 
D provides 
reference 
voltage 
(INT2) 
and 
multi- 
plexed analog 
inputs. 
Port D can always be used as digital 
input 
and may 
be used for analog 
if VRH and VRL are 
connected 
to the appropriate 
reference 
voltage. 
The VRH 
(PD5) and VRL (PD4) are internally 
connected 
to the AID 
resistor. 


Data 
Latched 
Direction 
Output 
Input 


Register 
Data 
Output 
To 


Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi-Z** 
Pin 


"Ports 
Band Care three state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


The MCU is capable 
of addressing 
4096 bytes of mem- 
ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The 
locations 
consist 
of user ROM, self-check 
ROM, 


user RAM, AID registers, 
a miscellaneous 
register, 
and 
I/O. The interrupt 
and reset vectors 
are located from 
$FF8 
to $FFF. 


The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 


Figure 3. Typical 
Port I/O Circuitry 
and 
Register 
Configuration 
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0 


()()() 
$000 
1/0 Ports 
Timer 
RAM 


127 
1128 Bytes} 
$07F 
128 
$<aJ 


Main User 
ROM 
13768 Bytesl 


Port A Data Register 


Port B Data Register 


Port C Data Register 


Port 0 Data Register 


PortA 
DDR· 


Pwt BOOR· 


Port C DDR· 


Not Used 


Timer Data Register 


Timer Control Register 


MisceUaneous 
Register 


decrements 
during 
pushes 
and increments 
during 
pulls. 
Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using 
the stack area for data storage 
or temporary 
work 
locations 
requires 
care to prevent 
it from 
being 
overwritten 
due 
to 
stacking 
from 
an 
interrupt 
or 
subroutine 
call. 


REGISTERS 


The 
MCU 
contains 
the 
registers 
described 
in the fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used 
to 
hold 
operands 
and 
results 
of arithmetic 
calcu- 
lations 
or data 
manipulations. 


INDEX 
REGISTER 
(X) 


The index 
register 
is an 8-bit 
register 
used for the 
in- 


dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 
may be added 
to an 8- or 16-bit immediate 
value 
to create 


$004. 


$006. 


$006. 


an effective 
address. 
The index 
register 
may also be used 
as a temporary 
storage 
area. 


7 
I 
X 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 12-bit 
register 
that 
contains 
the address 
of the 
next 
byte to be fetched. 


11 
8 
7 
0 
I 
PCH 
I 
PCl 
I 


STACK 
POINTER 
(SP) 


The stack 
pointer 
is a 12-bit 
register 
that 
contains 
the 
address 
of the next free location 
on the stack. 
During 
an 
MCU 
reset 
or the 
reset 
stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed 
onto the stack and 
incremented 
as data 
is pulled 
from 
the stack. 


The seven 
most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. 
Subroutines 
and interrupts 
may 
be nested 
down 
to 
location 
$061 
(31 bytes 
maxi- 
mum), 
which 
allows 
the 
programmer 
to 
use 
up to 
15 
levels 
of subroutine 
calls (less if interrupts 
are allowed). 


11 
5 4 
0 
~spi 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-456 


CONDmON 
CODE REGISTER (CCI 


The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate the results of the instruction 
just executed. 
These bits can be individually 
tested by a 
program, 
and specific 
actions can be taken as a result of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 


4 
0 


~ 


Half Carry (HI 


This bit is set during 
ADD and ADC operations 
to in- 


dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs while 
this bit is set, the interrupt 
is latched and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result is a logic 
1). 


Zero (Zl 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
ICI 


When set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 


last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and branch 
instructions, 
and during 
shifts 
and 
rotates. 


The self check is initiated 
by connecting 
the MCU as 


shown 
in Figure 5 and then monitoring 
the output 
of port 
C (bit 
3) for 
an oscillation 
of approximately 
7 Hz. The 
following 
test are executed 
automatically: 


I/O - 
Functionally 
exercise 
I/O ports, 


RAM - 
Walking 
bit test, 
ROM - 
Exclusive 
OR with 
ODD "1st" 
parity 
result, 


Timer - 
Functionally 
exercise timer, 


Interrupts 
- 
Functionally 
exercise 
external 
and timer 


interrupts, 
and 
AiD Converter 
- 
Functionally 
test the Analog-to-Digital 
Converter. 


The RAM, ROM, and the AiD test can be called by a user 
program. 
The Timer test may be called if the timer 
input 
is the internal 
clock. Table 2 shows the status of the LEDs 
as a result 
of a failure. 
Port C is tested 
only 
once 
(just 
after reset). If port C fails, no lights will 
appear. 


RESET 
~ 
1. 


1 
40 
r 


10- 
VSS 
PA7 


,'-r 
2 
PA6 
39 


RESET 
1L- 


3iNl 
PA5 


4 Vcc 


PA4 E.. 


.25V 
..L 1 0,' 
5 


PA3 
36 


~~'t 
.::f:: 
EXTAl 
PA2 
35 
- I" 
~-~ 
PAl 
34 
XTAl 


MHz 
7 


NUM 
IN/C,·· 
PAO 
33 
10 k 
.~ 


5100 


TIMER 


10V 
LED 
". 
9 PCO 
PB7 
32 


LED 
~?lOlJ 
10 PCl 
PB6 
31 


~ED_~ 
"5.100 
11 PC2 
PB5 ~ 


LED 
.- 
510~ 
12 PC3 
PB4 ~ 
~ 
...u 
PC4 
PB3 
2B 


~ 
PC5 
PB2 
27 


-----!2 


PC6 
PBl ~ ~ 


16 PC7 
PBO ~ 


------!1 
PD7 


~ 
PD6/IiN'n1 
PDQ 
24 


'9 
PD5 
POI 
23 


O.",=[ 
PD2 
22 


2OpD4 
PD3 
21 
J. 
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- 


PCO 
PC1 
PC2 
PC3 
Remarks 
(1: LED ON; 0: LED OFF) 


1 
a 
1 
0 
Sad 110 
0 
0 
1 
0 
Sad Timer 
1 
1 
0 
0 
Sad RAM 
a 
1 
0 
a 
Sad ROM 
1 
0 
0 
0 
Sad AID 


0 
0 
a 
0 
Sad Interrupts or Request Flag 


All Flashing 
Good Device 


The MCU can be reset three ways: 
(1) by initial 
power- 
up (2) by the external 
reset input 
(RESET) and (3) by an 
optional, 
internal, 
low-voltage 
detect circuit. 
The RESET 
input consists 
mainly 
of a Schmitt 
trigger 
that senses the 


line logic 
level. 


POWER-ON·RESET 
(paR) 


An internal 
reset is generated 
on power-up 
that allows 


the 
internal 
clock 
generator 
to stabilize. 
The power-on 
reset is used strictly 
for 
power 
turn-on 
conditions 
and 


should 
not be used to detect any drop in the power supply 
voltage. 
A delay of tRHL milliseconds 
is required 
before 


allowing 
the RESET input 
to go high. 
Connecting 
a ca- 


pacitor 
to the RESET input 
(Figure 6) typically 
provides 


sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic zero is applied 
to the 


RESET input for a period 
longer than one machine 
cycle 
(tcye!. Under this type of reset, the Schmitt trigger switches 
off at VIRES - 
to provide 
an internal 
reset voltage. 


LOW·VOLTAGE 
INHIBIT 
(LVI) 


The optional 
low-voltage 
detection 
circuit 
causes a re- 
set of the MCU if the power 
supply 
voltage 
falls below a 


M(,l::Rn"R~ . 


minImum. 


In typical 
applications, 
the VCC bus filter capacitor 
will 


eliminate 
negative-going 
voltage glitches 
of less than one 


tcyc. The output 
from 
the 
low-voltage. 
detector 
is con- 


nected directly 
to the internal 
reset circuitry. 
It also forces 


the RESET pin low via a strong 
discharge 
device through 
a resistor. 
The internal 
reset is removed 
once the power 
supply 
voltage 
rises above 
a recovery 
level 
(VLVR) at 


which 
time a normal 
power-on 
reset occurs. 


The MCU can be interrupted 
four 
different 
ways: 
(1) 


through 
the external 
interrupt 
IRQ input 
pin, (2) with the 
internal 
timer 
interrupt 
request, 
(3) using 
the software 


int~t 
instruction 
(SWI), or (4) the external 
port D bit 
6 (INT2) input 
pin. 


Interrupts 
cause the processor 
registers to be saved on 
the stack and the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 


ister contents 
to be recovered 
from 
the stack and then 


normal 
processing 
resumes. The stacking 
order is shown 


in Figure 7. 


Unlike 
RESET, hardware 
interrupts 
do not cause the 


current 
instruction 
execution 
to be halted 
but are con- 


sidered 
pending 
until the current 
instruction 
is complete. 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being operated 
on. 


When the current 
instruction 
is complete, 
the processor 


checks all pending 
hardware 
interrupts 
and, if unmasked 
(I bit clear), 
proceeds 
with 
interrupt 
processing; 
other- 


wise, the next instruction 
is fetched and executed. Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 


timer interrupt 
status bit is cleared before unmasking 
the 


interrupt, 
then the interrupt 
is not latched. 


Charging 


Current 
Source 
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1 I 
1 
I 
1 
I 
Condition Code RegIster 


Accumulator 


Index 
Register 


1 I 
1 I 
1 
I 
1 
I 
PCH· 


pel * 


Push 


• For subroutine 
calls, 
only 
PCH 
and peL are 
stacked. 


n+ 1I 
n+2 


n+3 


n+4 


n+5 


interrupt 
is generated 
only if the interrupt 
mask bit of the 
condition 
code register 
(CCR) is also cleared. 
When 
the 
interrupt 
is recognized, 
the current 
state of the machine 
is pushed 
onto the stack and the I bit in the CCR is set, 
masking 
further 
interrupts 
until 
the present 
one is serv- 


iced. The contents 
of the timer 
interrupt 
vector, 
contain- 
ing the location 
of the timer 
interrupt 
service 
routine, 
is 
then loaded 
into the program 
counter. 
At the end of the 
timer 
interrupt 
service 
routine, 
the software 
normally 
ex- 
ecutes an RTI instruction 
which 
restores the machine 
state 
and starts executing 
the interrupted 
program. 


If both an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 
ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 8 for the reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


If the timer 
mask bit (TCR6) is cleared, 
then, each time 
the timer decrements 
to zero (transitions 
from $01 to $00). 


an interrupt 
request 
is generated. 
The actual 
processor 


l-Illn 
Cel 


07F-SP 
O-DDRs 
CLA fNT logIC 
FF-Timer 


7F - 
Prescaler 
7F-TCR 
7F-MR 


Clear 
iNf 


Request 


latch 


Load PC 
From 


FFE/FFF 


load 
PC From. 


SWI" 
FFC/FFD 


INT: 
FFA/FFB 


Timer or 
INT2: 
FF8/FF9 
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EXTERNAL 
INTERRUPT 


The external 
interrupt 
is intern~ 
synchronized 
and 
then latched on the falling 
edge of INT and INT2. Clearing 
the I bit enables the external 
interrupt. 
The INT2 interrupt 
has an interrupt 
request 
bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous 
register 
(MR). The INT2 interrupt 
is 
inhibited 
when 
the mask 
bit is set. The INT2 is always 
read 
as a digital 
input 
on port 
D. The INT2 and timer 


interrupt 
request 
bits, if set, cause the MCU to process 
and interrupt 
when 
the condition 
code I bit is clear. The 


.following 
paragraphs 
describe 
two 
typical 
external 
in- 
terrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal 
(fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 9a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 


such as servicing 
time-of-day 
routines 
and engaging/dis- 


engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and, thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 9b), the INT pin can be 


driven 
by a digital 
signal. 
The maximum 
frequency 
of a 


signal 
that 
can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH· 
Refer to TIMER for additional 
information. 


SOFTWARE 
INTERRUPT (SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes 
after the other 
interrupts. 
The SWI 


execution 
is similar 
to the hardware 
interrupts. 


The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit software 
programmable 
pres- 
caler. The various 
timer 
sources 
are made via the timer 


control 
register 
(TCR). The 8-bit counter 
may be loaded 


under program 
control 
and is decremented 
toward 
zero. 


When the timer 
reaches zero, the timer 
interrupt 
request 
bit (bit 7) in the timer 
control 
register 
(TCR) is set. Refer 
to Figure 
10 for timer 
block diagram. 
The timer 
interrupt 
can be masked (disabled) 
by setting 


the timer 
interrupt 
mask bit (bit 6) in the TCA. When the 


I bit in the condition 
code register 
is cleared 
and TCR bit 
6 is cleared, 
the 
processor 
receives 
the 
interrupt. 
The 


MCU responds 
to this interrupt 
by 1) saving 
the present 


TTL 


Level 


DIQl1al 
lnpul 


lJ 


NOTES: 


1. The prescale~ and. 8-bit 
coun~er are clocked 
on the rising edge of the internal 
clock (phase two) 
or external 
input 


2. The counter 
IS written 
to dUring data strobe 
(OS) and counts 
down 
continuously. 
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CPU state 
on the 
stack, 2) fetching 
the timer 
interrupt 
vector, 
and 3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request 
bit must 
be cleared 
by software. 
Refer 
to RESETS and INTERRUPTS for additional 
information. 


The prescaler 
is a 7-bit divider 
which 
is used to extend 
the 
maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 


a logic 
one; 
however, 
the TCR bit 3 always 
reads as a 
logic zero to ensure 
proper 
operation 
with 
read-modify- 
write 
instructions. 
The timer 
continues 
to count past zero, falling 
from $00 
through 
$FF, and continues 
the countdown. 
The counter 


can be read at any time by reading the timer 
data register 


(TOR). This allows 
a program 
to determine 
the length 
of 


time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 
turbing 
the counting 
process. TOR is unaffected 
by reset. 


SOFTWARE 
CONTROLLED 
MODE 


The timer 
prescaler 
input 
can be configured 
for three 


different 
operating 
modes 
plus a disable 
mode, 
depend- 


ing on the value written 
to TCR control 
bits 4 and 5 (TCR4 


and TCR5). The following 
paragraphs 
describe 
the 
dif- 


ferent 
modes. 


Timer 
Input 
Mode 
1 


When 
TCR4 and TCR5 are both 
programmed 
to zero, 


the timer 
input is from 
the internal 
clock (phase two) and 
the timer 
input 
pin is disabled. 
The internal 
clock mode 
can be used for periodic 
interrupt 
generation 
as well 
as 
a reference 
for frequency 
and event 
measurement. 
Dur- 


ing the WAIT 
instruction, 
the internal 
clock to the timer 


continues 
to run at its normal 
rate. 


Timer 
Input 
Mode 
2 


When TCR4 ~ 1 and TCR5 ~ 0, the internal 
clock and the 


timer 
input 
signals 
are ANDed 
to form 
the timer 
input. 


This mode can be used to measure 
external 
pulse widths. 
The active high, external 
pulse gates in the internal 
clock 
for the 
duration 
of the external 
pulse. 
The accuracy 
of 
the count 
is ± 1. 


Timer 
Input 
Mode 3 


When 
TCR4 ~ 0 and TCR5 ~ 1, no prescaler 
input 
fre- 


quency 
is applied 
to the prescaler 
and the timer 
is dis- 
abled. 


Timer 
Input 
Mode 4 


When TCR4 and TCR5 are both one, the timer 
input 
is 
from 
the external 
clock. The external 
clock can be used 
to count external 
events as well as to provide 
an external 


frequency 
for generating 
periodic 
interrupts. 


TIMER CONTROL 
REGISTER (TCR) $009 


This is an S-bit register 
that controls 
various 
functions 
such as configuring 
operation 
mode, 
setting 
ratio of the 


prescaler, 
and generating 
timer 
interrupt 
request 
signal. 


Bit 3 is a write 
only 
bit. 


7 
6 
5 
4 


TCR7 - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 


1~ Set when the timer 
data register 
changes 
to all 
zeros 


o ~ Cleared 
by external 
reset, 
power-on 
reset, 
or 
under 
program 
control 
TCR6 - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt 
1 ~ Interrupt 
inhibited 
o ~ Interrupt 
enabled 
TCR5 - 
External 
or Internal 
Selects 
input 
clock source 


1~ External 
clock selected 
o ~ Internal 
clock selected 
(fosc/4) 
TCR4 - 
TIMER External 
Enable 
Used to enable 
external 
TIMER pin 
1~ Enables 
external 
timer 
pin 
o ~ Disables 
external 
timer 
pin 
TCR3 - 
Prescaler 
Clear 
Write 
only 
bit. Writing 
a one to this 
bit resets 
the 
prescaler 
to zero. A read of this 
location 
always 
in- 


dicates 
a zero. 


TCR2, TCR1, TCRO - 
Prescaler 
Select 
Bits 
Decoded 
to select one of eig ht outputs 
of the pres- 
caler 


TCR2 
TCRl 
TCRO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


The chip residentS-bit 
analog-to-digital 
(AID) converter 
uses a successive 
approximation 
technique 
as shown 
in 
Figure 
11. Four external 
analog 
inputs 
can be connected 
to the AID through 
a multiplexer 
via port D. Four internal 
analog 
channels 
(VRH - VRL, VRH - VRL/2, VRH - VRL/4, 
and VRLl may be selected 
for calibration. 
The accuracy 
of these 
internal 
channels 
may 
not 
meet 
the 
accuracy 


specifications 
of the external 
channels. 


Multiplexer 
selection 
is controlled 
by the AID control 
register 
(ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer 
selection. 
The ACR is shown 
in Figure 
11. The 


converter 
uses 30 machine 
cycles to complete 
a conver- 
sion of a sampled 
analog 
input. 
When the conversion 
is 


complete, 
the 
digital 
value 
is placed 
in the 
AID 
result 
register 
(ARR); the conversion 
is flag set; selected 
input 
is sampled 
again; 
and a new conversion 
begins. 
When 
ACR7 is cleared, 
the conversion 
in progress 
is aborted 


and the selected 
input is sampled 
for five machine 
cycles 


and held internally. 
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AID Control Register 
Input 
AID Output (Hex) 


ACR2 
ACRl 
ACRO 
elected 
Min 
Typ 
Max 


0 
0 
0 
ANO 
0 
0 
1 
AN1 
0 
1 
0 
AN2 


0 
1 
1 
AN3 


1 
0 
0 
VRH* 
FE 
FF 
FF 
1 
0 
1 
VRL* 
00 
00 
01 


1 
1 
0 
VRH/4* 
3F 
40 
41 
1 
1 
1 
VRH/2* 
7F 
80 
81 


The converter 
uses VRH and VRL as reference voltages. 


An input 
voltage 
equal to or greater 
than VRH converts 


to $FF. An input 
voltage 
equal 
to or less than VRL, but 
greater 
than VSS, converts 
to $00. Maximum 
and mini- 
mum 
ratings 
must 
not be exceeded. 
Each analog 
input 


source 
should 
use VRH as the 
supply 
voltage 
and 
be 


referenced 
to 
VRL for 
the 
ratiometric 
conversion. 
To 


maintain 
full 
accuracy 
of the 
AID, 
three 
requirements 
should 
be followed: 
(1) VRH should 
be equal to or less 


than VDD, (2) VRL should 
be equal to or greater than VSS 
but less than maximum 
specifications, 
and (31VRH-VRL 


should 
be equal to or greater 
than 4 volts. 


The AID has a built-in 
1/2 LSB offset intended 
to reduce 


the magnitude 
of the quantizing 
error to ± 1 2 LSB, rather 
than 
+ 0, - 1 LSB with 
no offset. 
This 
implies 
that, 
ig- 


noring 
errors, the transition 
point from $00 to $01 occurs 


at 1/2 LSB above VRL. Similarly, 
the transition 
from 
$FE 


to $FF occurs 
1-1/2 LSB below 
VRH, ideally. 


POOtANO 


P01IANl 


PD2/AN2 


P03/AN3 


1-01-8 
Select 


Multiplexer 


AID 
Result 


Register 


Function 
Mnemonic 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump 
to Subroutine 
JSR 


READ-MODIFY 
-WRITE 
INSTRUCTIONS 


These instructions 
read a memory 
location 
or a reg- 


ister, modify 
or test its contents, 
and write 
the modified 
value 
back to memory 
or to the 
register. 
The test for 
negative 
or zero (TST) instruction 
is an exception 
to the 


The MCU has a set of 59 basic instructions 
which 
can 
be divided 
into five different 
types: register/memory, 
read- 


modify-write, 
branch, 
bit manipulation, 
and control. 
The 


following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 


erand is either the accumulator 
or the index register. 
The 
other operand 
is obtained 
from memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) and 
jump 
to subroutine 
(JSR) instructions 
have no register 


operand. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LOA 


Load X from Memory 
LOX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 
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read-modify-write 
sequence since it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 
tion is met; otherwise, 
no operation 
is performed. 
Branch 


instructions 
are two 
byte instructions. 
Refer to the fol- 
lowing 
list for branch instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch 
Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch 
if Interrupt 
Line is Low 
BIL 


Branch if Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory 
space, where 
all port registers, 
port DDRs, timer, timer control, 
and on- 


chip RAM reside. An additional 
feature 
allows 
the soft- 


ware 
to test and branch 
on the state of any bit within 


these 256 locations. 
The bit set, bit clear and bit test, and 


branch 
functions 
are all implemented 
with 
a single 
in- 
struction. 
For test and branch 
instructions, 
the value of 
the bit tested is also placed in the carry bit ofthe 
condition 


code register. 
Refer to the following 
list for bit manipu- 


lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O. 
.. 7) 


Branch if Bit n is Clear 
BRCLR n In = 0 . .. 7) 


Set Bit n 
BSET n (n=O ... 
71 


Clear Bit n 
BCLR n (n=O. 
.. 7) 


CONTROL 
INSTRUCTIONS 


These instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer to the following 
list for 
control 


instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software Interrupt 
SWI 


Return 
from 
Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 4 is an opcode 
map for the instructions 
used on 


the MCU_ 


The MCU uses ten different 
addressing 
modes to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, code cov- 
ersion tables, and scaling tables anywhere 
in the memory 
space. Short 
indexed 
accesses 
are single 
byte 
instruc- 
tions, while the longest 
instructions 
(three bytes) permit 
accessing tables throughout 
memory. 
Short and long ab- 
solute 
addressing 
is also included. 
Two-byte 
direct 
ad- 
dressing 
instructions 
access 
all data 
bytes 
in most 


applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions to reach all memory. 


The term "effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the address 
from 
which 
the argument 
for 
an 


instruction 
is fetched 
or stored. 
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• 


Read- Modify- 
Write 


H 


OI~l 
~ 
CXXll 
oo~o 


I 'SASE!9. 
BSE1~r 
BAA,,, 


10 
7 
.4 
BRCLR~R 
BCl~~r 
BRNR~' 


1~RSEJT1R 
7 BSE~~,.. 
• 
BHIA~' 


'SRCLR 


T 
1" 
7 BCl~~c 
.4 
BLS 


RH 


'1!. 
7 
.• 


BASEJ1, 
BSE1~r 
BCC", 


IBACl~lR 
7 BCl~~r 
.• BCSR~' 


'!?o. 
1 
4 
6 
4 
.• 
7 
6 


BASE!; 
BSE~~l 
BNER~" 
AORnlR 
1 AOR~H 
1 ROA~H 
1 
AOA1X 1 
I 


'~RCL~l 
BCL~~, 
.• 
BE~ 
: 
ASRnlR 
: 
ASR~H 
: 
ASR~H 
: 
ASA1X1 
~ 


l~RSEJ~ 
BSE~~I" 
BHC~~, 
: 
l5lniR 
: 
LSl~NH 
: 
LSl~NH I: L5llX1 
~ 


\~. 
7 
4 
6 
4 
.• 
7 
6 


BRCl:~ 
BCL~~c 
BHC~FI 
') ROlnlR 
I AOl~NH 
1 AOL~NH 
I, 
ROl,Xl 
1 


BRSEJiR 
BSE~~(' 
4 
BPLRFI 
: 
OECnlR 
: 
DEC~NH 
: OEC~NH 
: 
DEC1X1 
: 


lBRCL~;R 
7 BCl~t. 
4 
BMIR 


l~ASEJfR 
BSE~t 
4 
BM~~, 
: 
INCnlR 
: 
INC~NH 
: 
INC~NH 
: 
INC IXI 
: 


'&ACl:?A 
BCl~t. 
4 
BMSR 
: 
TST01R 
: TST~NH 
: TST~tm 11 
1511X1 
: 


19R5EJIA 
1 BSE1Ic 
4 


'SAClR7 
BCLA7 
4 
J 
BTB 
2 
ese 
2 


• 
• 
7 


COMA 
COM X 
COM 


1 
INH 
1 
INH 
IXI 
1 


4 
.4 
7 
6 


LS~TR 
1 lSR~NH 
1 lSA~NH 
, 
LSRIX1 
1 


Inherent 
Immediate 
Direct 
Extended 
Relati .•••e 
Bit Setl Clear 
Bit Test and Branch 
Indexed 
INo Offsetl 


Indexed, 
1 Byte IB-BIlI Offset 


Indexed, 
2 Byte 116-Bll1 Offset 


6 
• NEG 


1 
IX 
1 
6 


8 
"'" 
All 


INH 


I 


':'0 
10~1 


SU?",,,, !; SUBD" 


• 
5 


CM~'M 
, 
CMPOIR 
3 
· 
SBTMM 
' 
SBC 
IA 
3 
, 
. 


1 CP~MM 
] 
CPXOIA 
J 
CPX XT 


AN?MM 
: 
ANDnlfj 
AND Xl 
:'I ANDlx 


BI~t.At.J 
: 
BIT 
IA 
BIT~VT: 
BIT Ill' 


• 
5 
6 


LO~MM 
LOA 
IR 
3 
LOA Xl 
1. 
LDAIX 


TAXINH 
: 
STA 
IA I: 
STAEXI 
3 
STAIX 


CLCINH 
1 
EO~MM 
: 
EOR IA 
: 
EORfXT 
: 
EORIX 


SEC 
1 
ADC 
4 
AOC 
5 
ADC 
ti 
ADC 


INH 
2 
IMM 
1 
OIA 
J 
EXT 
J 
IX 
2 


Cli 
ORA 
ORA 
"J 
ORA 
g 
ORA 


INH 
1 
IMM 
2 
OIA 
J 
XT 
J 
IX 
2 


SEI'f'\IH 
AD?MM 
1 
AODOIA 
: 
ADD XT 
: 
ADDIX 


RSP 
J 
JMP 
4 
JMP 
:l 
JMP 


INH 
] 
OIA 
J 
Xl 
J 
IX 


NO~NH 
: 
BSAAF1 
1 
JSA CIA I: 
JSA XT 
: 
JSAIX2 
2 


LOX 
' 
LOX 
6 
LOX 


DIA 
J 
X! 
J 
IX 


STX 
"STX 
STX 


OIA 
J 
EX! 
3 
IX2 
2 


CMP XT 
J 
CMPIX] 


SBC XT 
J 
SBClx, 


# at Cycles 
Mnemonic 


Bytes 


l1~O 


SUBpq 
,. 


CMP 


IX\ 
I 


H~ 
~ 


1 
tXX), 


SUB •• 


CMP 


IX 


BIT 
III 


LOA 
I 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 


tained 
in the byte immediately 
following 
the opcode. The 
immediate 
addressing 
mode is used to access constants 
that 
do not change 
during 
program 
execution 
(e.g., a 
constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct addressing 
mode, the effective 
address of 
the argument 
is contained 
in a single 
byte following 
the 
opcode byte. Direct addressing 
allows the user to directly 
address 
the lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective address 


of the argument 
is contained 
in the two bytes following 
the opcode 
byte. Instructions 
with 
extended 
addressing 
mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with 
a single three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 


instructions. 
In relative 
addressing, 
the contents 
of the B- 
bit signed byte (the offset) following 
the opcode is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
-126 
to + 129 from 
the opcode 
address. 


INDEX, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 


address 
of the argument 
is contained 
in the B-bit index 
register. 
This addressing 
mode can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 
long. This mode is often used to move a pointer 
through 


a table or to hold the address 
of a frequently 
referenced 
RAM or I/O location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
B-bit offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 


B-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode is useful for selecting 
the 


Kth element 
in an n element 
table. 
With 
this 
two-byte 


instruction, 
K would 
typically 
be in X with the address of 


the 
beginning 
of the table 
in the 
instruction. 
As such, 


tables may begin anywhere 
within 
the first 256 address- 
able locations 
and could 
extend 
as far as location 
510 
($1FE is the 
last location 
at which 
the instruction 
may 


begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 


B-bit index register 
and the two unsigned 
bytes following 
the opcode. This addressing 
mode can be used in a man- 
ner similar 
to indexed, 
B-bit offset except that this three- 


byte instruction 
allows tables to be anywhere 
in memory. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 


or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Any 
read/write 
bit in the first 256 locations 
of memory, 
including 
I/O, can 
be selectively 
set or cleared 
with 
a single 
two-byte 
in- 


struction. 


The corresponding 
DDRs for ports A, B, and Care 


write 
only 
registers 
(registers 
at $004, $005, and 


$006). A read operation 
on these 
registers 
is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, 
these instructions 
cannot 
be used to set 


or clear a DDR bit (all "unaffected" 
bits would 
be 
set). It is recommended 
that all DDR bits in a port 


be written 
using a single-store 
instruction. 


The bit test and branch 
addressing 
mode 
is a combi- 


nation 
of direct addressing 
and relative 
addressing. 
The 
bit to be tested, and its condition 
(set or clear!. is included 


in the opcode. 
The address 
of the byte to be tested 
is in 


the single 
byte immediately 
following 
the opcode 
byte. 
The signed 
relative 
B-bit offset in the third 
byte is added 


to the PC if the specified 
bit is set or cleared 
in the spec- 
ified memory 
location. 
This single three-byte 
instruction 


allows 
the program 
to branch 
based on the condition 
of 


any readable 
bit in the first 256 locations 
of memory. 
The 


span of branching 
is from 
-125to 
+ 130 from the opcode 


address. The state of the tested 
bit is also transferred 
to 
the carry bit of the condition 
code register. 


In the inherent 
addressing 
mode, 
all the 
information 


necessary 
to execute 
the instruction 
is contained 
in the 


opcode. 
Operations 
specifying 
only the index 
register 
or 


accumulator 
as well 
as the control 
instruction 
with 
no 


other 
arguments 
are included 
in this 
mode. 
These 
in- 


structions 
are one byte long. 


• 
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• 


For most 
applications 
PPORT<PINT 
and 
can 
be ne- 
glected. 
PPORT may become 
significant 
if the device 
is 
configured 
to drive 
Darlington 
bases or sink LED loads. 


An 
approximate 
relationship 
between 
Po and Tj 
(if 


PPORT is neglected) 
is: 


Po= K.;-(Tj 
+ 273°C) 
(2) 
Solving 
equations 
(1) and (2) for K gives: 
K = Po • (TA + 273°C) + BjA"P02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. K 
can be determined 
from 
equation 
(3) by measuring 
Po 


(at equilibrium) 
for a known 
TA 
Using 
this 
value 
of K, 


the values of Po and Tj can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA' 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 to + 7.0 
V 


Input Voltage 
Vin 
-0.3to 
+7.0 
V 
Self-Check Mode (TIMER Pin Only) 
-0.3 to + 15.0 


Operating Temperature Range 
TA 
TL to TH 
·C 
MC6805R3 
o to 70 
MC6805R3C 
-40 to +85 
MC6805R3V 
-40 to + 105 


Storage Temperature Range 
Tsto 
-55 to + 150 
°c 


Junction 
Temperature 
TJ 
°CIW 


Plastic 
150 


PLCC 
150 
Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
BJA 
°CIW 


Plastic (P Suffix) 
60 


PLCC(FN Suffix I 
100 
Cerdip (S Suffix) 
60 


The average 
chip-junction 
temperature, 
Tj, 
in °C can 


be obtained 
from: 


Tj=TA+(PO·6jA) 
(1) 


where: 


TA 
6jA 


Po 
PINT 
PPORT 


= Ambient 
Temperature, 
°C 


= Package Thermal 
Resistance, 


junction-to-Ambient, 
°CIW 


= PINT+PPORT 
= ICC x VCC' Watts - 
Chip Internal 
Power 


= Port Power 
Dissipation, 


Watts - 
User Determined 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. 
For 
proper 
operation 
it 
is 
recom- 


mended the Vin and Vout be constrained to 
the range VSS ., (Vin or Vout) ., VCC. Reli- 
ability 
of operation 
is enhanced 
if unused 
in- 


puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either VSS or VCC)· 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 


RESET (4.75 '" VCC '" 5.75) 
4.0 
- 
VCC 
VCC < 475) 
VCC-0.5 
- 
VCC 
INT (4.75 '" VCC '" 5.75) 
4.0 
· 
VCC 
(VCC < 4.75) 
VCC-05 
· 
VCC 
All Other 
2.0 
- 
VCC 


Input High Voltage Timer 
VIH 
V 


Timer Mode 
2.0 
- 
VCC+l.0 
Self-Check Mode 
9.0 
10.0 
150 


Input Low Voltage 
VIL 
V 


RESET 
VSS 
- 
0.8 


INT 
VSS 
· 
1.5 
All Other (Except AID Inputs) 
VSS 
- 
0.8 


RESET Hysteresis Voltages 
V 
"Out of Reset" 
VIRES+ 
2.1 
- 
4.0 
"Into Reset" 
VIRES- 
0.8 
- 
2.0 


INT Zero Crossing Input Voltage, Through a Capacitor 
VINT 
2 
- 
4 
Vac p-p 


Power Dissipation - 
(No Port Loading, 
PD 
mW 
VCC~ 5.75 V 
TA~O°C 
- 
520 
740 
for Steady-State Operation) 
TA= -40°C 
- 
580 
800 


Input Capacitance 
Cin 
pF 


XTAL 
- 
25 
- 
All Other Except Analog Inputs (See Note) 
- 
10 
- 


Low Voltage Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
VLVI 
2.75 
3.75 
4.70 
V 


Input Current 
~A 


TIMER (Vin = 0.4) 
lin 
- 
- 
20 


INT (Vin = 2.4 V to VCC) 
- 
20 
50 
EXTAL (Vin = 2.4 V to VCC Crystal Option) 
- 
- 
10 
(Vin = 0.4 V Crystal Option) 
- 
- 
-1600 


RESET (Vin = 0.8 VI 
IRES 
-4.0 
- 
-40 
(External Capacitor Charging Current) 


NOTE: Port D analog inputs, when selected Cin=25 
pF for the first 5 out of 30 cycles. 


'Due to internal biasing this input (when unusedl floats to approximately 
2.0 V. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
fosc 
0.4 
- 
4.2 
MHz 


Cycle time (4/fosc) 
tCYC 
0.95 
- 
10 
~s 


INT, INT2, and TIMER Pulse Width 
tWL,tWH 
tcvc + 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc + 250 
- 
- 
ns 


INT Zero-Crossing 
Detection Input Frequency 
flNT 
0.03 
- 
1 
kHz 


External Clock Input Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 


Crystal Oscillator Start-Up Time 
- 
- 
- 
100 
ms 
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Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Total Error 
- 
- 
+/- 
2.25" 
LSB 
Difference between ideal and actual trans- 
fer characteristics (includes non-linearity, 
zero offset and full scale errors) 


Absolute Accuracy 
- 
- 
+/- 
2.75" 
LSB 
Difference between the actual input voltage 
and the full-scale weighted equivalent of 
the binary output code. All error sources 
included 


Ouantizing 
Error 
- 
- 
+ - 
.5 
LSB 
Uncertainty 
due to converter 
resolution 
(in4 
herent) 


Conversion 
Range 
VRL 
- 
VRH 
V 


VRH 
- 
- 
VCC 
V 
AID accuracy may decrease proportionately 


VRL 
VSS 
as VRH is reduced below 4.75 V. The sum 
- 
0.2 
V 
of VRH and VRL must not exceed VCC 


Conversion 
Time 
30 
30 
30 
tcvc 
Includes sample time 


Monotonicity 
Inherent 
with 
total 
error 


Sample Time 
5 
5 
5 
tCYC 


Sample/Hold Capacitance, Input 
- 
- 
25 
pF 


Analog Input Voltage 
VRL 
- 
VRH 
V 
Negative 
transients 
on any analog 
lines (Pins 
19-24) are not allowed at any time during 


conversion. 


Figure 12. TIL 
Equivalent 
Test Load 
(Port B) 
Figure 13. CMOS 
Equivalent 
Test Load 
(Port AI 


Figure 
14. TIL 
Equivalent 
Test Load 
(Ports A and C) 
Figure 
15. Open-Drain 
Equivalent 
Test Load 
(Port C) 
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~VDD 
f 
PortA CMDS 


k 
Pullup Option 


I 
I 
I 
I 


Figure 19. 1/0 Characteristic 


Measurement 
Circuit 


I 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A with CMOS Drive Enabled 


Output Low Voltage. ILoad= 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage. ILoad = - 100 .,.A 
VOH 
2.4 
- 
- 
V 


Output High Voltage. ILoad= -10.,.A 
VOH 
VCC-1 
- 
- 
V 


Input High Voltage. ILoad = - 300 .,.A (max.) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage. ILoad = - 500 .,.A (max.) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current IVin = 2.0 V to Vccl 
IIH 
- 
- 
300 
.,.A 


Hi-Z State Input Current (Vin = 0.4 VI 
IlL 
- 
- 
500 
.,.A 


Port B 


Output Low Voltage. ILoad = 3.2 mA 
VOL 
- 
- 
04 
V 


Output Low Voltage. ILoad = 10 mA ISink) 
VOL 
- 
- 
10 
V 


Output High Voltage. ILoad = - 200 .,.A 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source). Vo ~ 1.5 V 
IOH 
-10 
- 
10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
·2 
10 
.,.A 


Port C and Port A with TIL Drive 


Output Low Voltage. ILoad= 1.6 mA 
VOL 
- 
- 
04 
V 


Output High Voltage. ILoad = -100 
.,.A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
10 
.,.A 


Port C (Open-Drain Option) 


Input High Voltage PCO-PC6 
VIH 
2.0 
- 
13.0 
V 


Input High Voltage PC7 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Leakage Current IVin = 13.0 VI 
ILOD 
- 
·3 
15 
.,.A 


Output Low Voltage. ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Port 0 (Digital Inputs Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input 
Current* 
lin 
- 
< 1 
5 
.,.A 


'PD4NRL 
- 
PD5NRH. The AID conversion 
resistor (15 kll typical I is connected internally 
between these two lines. impacting 
their 


use as digital 
inputs 
in some 
applications. 
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The following 
information 
is required 
when ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 


MOOS, disk file 
MS-DOS/PC-DOS 
disk file 


EPROM(s) MC68705R3, 
2532, 2732, or two 2516/2716 


To initiate 
a ROM pattern 
for the MCU, it is necessary 
to 


first contact 
the local field 
service 
office, 
a sales person, 
or a Motorola 
representative. 


flEXIBLE 
DISKS 


Several 
types 
of flexible 
disks (MDOS@ or MS@-DOS/ 


PC-DOS disk file), programmed 
with the customer's 
pro- 


gram (positive 
logic sense for address 
and data), may be 
submitted 
for pattern 
generation. 
In either 
case, the dis- 
kette should 
be clearly labeled with the customer's 
name, 


date, 
project 
or product 
name, 
and the name of the file 
containing 
the pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code listing 
can be included. 
This data 
will be kept confidential 
and used to expedite 
the process 


in case of any difficulty 
with 
the pattern 
file. 


MDOS 
Disk File 


MOOS is Motorola's 
Disk Operating 
System 
available 
on the EXORciser" 
development 
system. 
The disk media 
submitted 
must 
be a single-side, 
single-density, 
8 inch 
MDOS compatible 
floppy 
diskette. The diskette 
must con- 


tain the minimum 
set of MOOS system 
files 
in addition 


to the pattern 
file. 
The .LO output 
of the M6805 cross assembler 
should 


be furnished. 
In addition, 
the file must be produced 
(using 
the ROLLOUT command) 
containing 
the absolute 
image 
of the M6805 memory. 
Include the entire memory 
image 
of both 
data and program 
space. All 
unused 
bytes, 
in- 


cluding 
those 
in the user space, must 
be set to zero. 


MS-DOS/PC-DOS 
Disk File 


MS-DOS is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM" 
Personal 
Computer 
(PC) Disk Operating 
System. 


Disk media 
submitted 
must be a standard 
density 
(360KI 
double-sided 
5 1/4 inch compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
object 
file code 
in Motorola's 
S- 


record 
format. 
The S-record 
format 
is a character-based 


object 
file format 
generated 
by M6805 cross assemblers 
and linkers 
on IBM PC style machines. 


For the 2532, 2732, or MC68705R3, the ROM code should 


be located 
from 
$080 to $F37 and the interrupt 
vectors 
from 
$FF8 to $FFF. For the 2516s or 2716s, the ROM code 


should 
be located 
from 
$080 to $7FF in the first 
EPROM 


and from 
$0 to $737 in the second 
EPROM. The interrupt 


vectors 
should 
be in the 
second 
EPROM from 
$7F8 to 


$7FF. 


xxx 
xxx 
xxx 


= 
= 
§~ 
~ 
~~ 
E~ 
C'J~ 
;;'0 
~~ 


S080 
5800 
S080 


xxx ~ Customer ID 


VERIFICATION 
MEDIA 


All original 
pattern 
media 
(EPROMs or floppy 
disk) are 


filed 
for 
contractual 
purposes 
and 
are not 
returned. 
A 


computer 
listing 
of the ROM code will 
be generated 
and 


returned 
along with 
a listing 
verification 
form. 
The listing 


should 
be thoroughly 
checked 
and the verification 
form 


should 
be completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the contractual 
agreement 
for creation 
of the customer 
mask. To aid in 
the verification 
process, 
Motorola 
will program 
customer 
supplied 
blank EPROM(s) or DOS disk from 
the data file 
used to create the custom 
mask. 


ROM 


Ten MCUs containing 
the customer's 
ROM pattern 
will 


be sent for 
program 
verification. 
These 
units 
will 
have 
been made 
using 
the custom 
mask but are for the pur- 
pose of ROM verification 
only. For expediency, 
the MCUs 


are usually 
unmarked, 
packaged 
in ceramic, 
and tested 
at room 
temperature 
and at five volts. 
These 
RVUs are 


free with 
the minimum 
order 
quantity 
but are not pro- 
duction 
parts. 
These 
RVUs are not guaranteed 
by Mo- 
torola 
Quality 
Assurance. 


ORDERING 
INFORMATION 


The following 
table 
provides 
generic 
information 
per- 


taining 
to the package 
type, temperature, 
and MC order 
numbers 
for the MC6805R3. 


Package Type 
Temperature 
Order Number 


Plastic 
OCto 70 C 
MC6805R3P 


IP Suffix) 
-40 C to +85 C 
MC6805R3CP 


Cerdip 
O°Cto 70 C 
MC6805R3S 


S Suffix 
-40 C to ~ 85 C 
MC6805R3CS 


PLCC 
OCto 70-C 
MC6805R3FN 


FN Suffix 
- 40°C to + 85°C 
MC6805R3CFN 


EPROMs 


A MC68705R3, 
2532, 2732, 2516 (2), or 2716 (2) type 


EPROM(s), 
programmed 
with 
the 
customer's 
program 
(positive 
logic sense for address 
and data), may be sub- 


mitted 
for pattern 
generation. 
Since all program 
and data 
space information 
will 
fit on one MC68705R3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(sl 
must be 
programmed 
as described 
in the following 
paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 
IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


Dual-in-Line 
Package 


vss 
PA7 


RESET 
2 
:>9 
PA6 


iN"! 
38 
PA5 


37 
PM 


36 
PA3 


35 
PA2 


1VSSI NUM 
7 
34 
PAl 
• 


TIMER 
8 
33 
PAD 


PB7 


PB6 


PC2 
11 
PB5 


PB4 


PB3 


PB2 


PBI 


16 
25 
PBD 


P07 
17 
24 
POO/AND 


PD6I1NT2 
18 
23 
POllANI 


P05IVRH 
19 
22 
P021 AN2 


PD4IVRL 
20 
2\ 
P03/AN3 


XTAL 


(VSS) NUM 
TIMER 


PCO 


PC1 


PC2 
PC3 


PC4 
PCS 
NC 


PC6 


~u 
1~V)"""(,OLO'<;f 
U X u I~w (/) « « « « u 
zw>_a:>a..Q..o...a...Z 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805S2 
(HMOS) 
Microcontroller 
Unit 
(MCU) 
is a member 
of the MC6805 
Family 
of microcontroll- 


ers. This 
low 
cost 
MCU 
has parallel 
I/O capability 
with 
pins 
programmable 
as input 
or output. 
This 
publica- 


tion 
contains 
condensed 
information 
on the MCU; 
for detailed 
information. 
refer to Advance 
Information 
8- 


Bit Microcompters 
(ADI997R1) 
or contact 
your 
local 
Motorola 
sales office. 


Refer to the block 
diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 


on the 
MCU. 


• 
Internal 
7-Bit Timer 
and 
15-Bit 
Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
I/O 


• 
Versatile 
Interrupt 
Handling 


• 
Bit Manipulation 


• 
Bit Test and 
Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
Self-Check 
Mode 


• 
1480 Bytes 
of ROM 


• 
64 Bytes 
of RAM 


• 
Serial 
Peripheral 
Interface 
(SPI) 


• 
One 8-Bit 
and One 16-Bit Timer 


• 
AID Converter 


XTAL :=E3=: ,bl 
CLOCK 
EXTAL 
.bl 


PAO 


PAl 


PAl 


PAJ 
ACCUMULATOR 
PROGRAM 


PA4 
INOEX 
REGISTER 
COUNTER 


LOW 


PAl 
A 
CONOITION 
COOE 
PROGRAM 


PA6 
REGISTER 
COUNTER 


PAl 


STACK 
POINTER 
HIGH 


RESET 


CONTROL 
ALU 
INTl 


ANO/POO 


ANlIPAI 


AN1JPOl 


AN3IP03 


VRL 


VRH 


INT1I 


AN4/ 


VSTBY 


• 
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VCC and VSS 


Power 
is supplied 
to the microcontroller 
using 
these 
two 
pins. VCC is + 5.25 volts 
(:!: a.5A) power, 
and VSS is 
ground. 


NUM 


This pin is for factory 
use only. 
It should 
be connected 
to vss. 


INn, INT2 


These 
pins provide 
the capability 
for asynchronously 
applying 
an external 
interrupt 
to the MCU. Refer to IN- 
TERRUPTS 
for more 
detailed 
information. 


XTAL,EXTAL 


These pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal (depending 
on user selected 
manufacturing 
mask option) 
is connected 
to these 
pins 
to provide 
a system 
clock. 


RC Oscillator 


With 
this 
option, 
a resistor/capacitor 
combination 
is 
connected 
to the oscillator 
pins as shown 
in Figure He). 


Refer to Figure 2 for the relationship 
between 
Rand fosc. 


Crystal 
The circuit 
shown 
in Figure 1(b) is recommended 
when 
using 
a crystal. 
The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 


mize output 
distortion 
and startup 
stabilization 
time. 


External 
Clock 
An external 
clock should 
be applied to the EXTAL input 
with 
the XTAL input 
not connected, 
as shown 
in Figure 


8.0 


~ 7.0 
~ 6.0 
t; 
iE 
5.0 
::>8 4.0 
s:: 
a:~ 3.0 
~ 1.0 
U 
U) 
0 
1.0 


, 
\."~ 


At-CUT 
PARALLEL 
RESONANCE 
CRYSTAL 
CO=7 pF MAX. 
FRED.= 4.0 MHz"' CL= 24 pF 
RS= 40 OHMS MAX. 


30 
40 
50 


RESISTANCEIklll 


Figure 2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


26 
XTAL 


(SEE NOTE) CJ 
27 
MCU 


EXTAL 
(CRYSTALMASK 


OPTION 
CL I 
CL :I:- 


CRYSTAL 


EXTERNAL 
CLOCK 
INPUT 


(TTL COMPATIBLE, 
LOW IMPEDANCE 
SOURCE) 


MCU 
EITHERCRYSTAL 
OR RC MASK 
OPTION 


+5V 
26 
XTAL 


Rl 
MCU 
R1 
(RESISTORMASK 
27 
OPTION) 
EXTAL 


CL:r: 


MCU 


27 
EXTAL 
(RESISTORMASK 


OPTION) 


APPROXIMATELY 10% to 25% 


ACCURACY 
EXTERNALRESISTOR 
(EXCLUDESRESISTORTOLERANCE) 


APPROXIMATELY 25% to 50% 


ACCURACY 


TYPICAL tcyc = 1.25 fLs 


EXTERNALJUMPER 


NOTE: 
The recommended 
CL value 
with 
a 4.0 MHz crystal 
is 27 pF, maximum, 
including 
system 
distributed 
capacitance. 
For crystal 
frequencies 
other 
than 
4 MHz, the total 
capacitance 
on each pin should 
be scaled 
as the inverse 
of the frequency 
ratio. 
For 
example, 
with 
2 MHz crystal, 
use approximately 
50 pF on EXTAL and approximately 
50 pF on XTAL. 
The exact value 
depends 
on the motional-arm 
parametes 
of the crystal 
used. 
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1(d). This option 
may only 
be used with 
the RC or XTAL 
option 
selected. 


PCO. PC1 


These pins allow 
an external 
input 
to be used to dec- 
rement 
the 
internal 
timer 
circuit. 
Refer to TIMERS 
for 
additional 
information. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO-PA7. PBO-PB3. PCO-PC1, and 
PDO-PD6) 


Port A, B, and C are programmable 
as either 
inputs 
or 
outputs 
under software 
control 
of the data direction 
reg- 
isters. 
Port D is a fixed 
input 
port and not controlled 
by 
any data register. 
Port D has up to four analog 
inputs 
or 
five via the mask option, 
plus two 
voltage 
reference 
in- 
puts when 
the analog-to-di~ 
(AID) converter 
is used 
(PD5NRH, PD4NRL) and an INT2 input. If the analog input 
is used, 
then 
the voltage 
reference 
pins 
(PD5NRH 
and 
PD4NRU 
must 
be used 
in the 
analog 
mode. 
Refer to 
PROGRAMMING 
for additional 
information. 


INPUT/OUTPUT 
PROGRAMMING 


Ports A. B, and C are programmable 
as either 
input 
or 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). The 
port 
I/O programming 
is 
accomplished 
by writing 
the corresponding 
bit in the port 
DDR to a logic one for output 
and a logic zero for input. 


DATA 


DIRECTION 
REGISTER 
BIP 


LATCHED 
OUTPUT 
DATA 


BIT 


Data 
Direction 
Register 
Bit 


Output 
Data 
Bit 


Input 
To 
MCU 


o 
1 
Pin 


o 
1 
High-Z** 


On reset, all DDRs are initialized 
to a logic zero state to 
put the ports in the input mode. The port output 
registers 
are not initialized 
on reset and should 
be written 
to before 
setting 
the DDR bits. 


Port D provides 
the multiplexed 
analog 
inputs, 
refer- 


ence voltages, 
and INT2. These lines are shared with 
the 
port 
D digital 
inputs. 
PDO-PD3 may 
always 
be used as 
digital 
or analog 
inputs. 
The VRL and VRH lines 
are in- 


ternally 
connected 
by the AID resistor. 
Analog 
inputs 
may 
be prescaled 
to attain 
the VRL and VRH recommended 
input voltage 
range. 


When programmed 
as outputs, 
the latched 
output 
data 
is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port 
write 
may be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since the data 
read corresponds 
to the 
pin 
level 
if the 
DDR is an input 
(zero) and, 
also, to the 
latched 
output 
when 
the 
DDR is an output 
(one). 
Refer to Figure 
3 for 
typical 
port circuitry. 


PORT B TOGGLE CAPABILITY 


Port BO and B1 registers 
have toggle 
capability 
at the 
timer 
underflow 
times. 
Under 
the 
control 
of the 
timer 
output 
cross-couple 
bit 
in 
the 
miscellaneous 
register 
(MRO). the overflow 
pulses 
from 
timer 
A and 
B are di- 
rected to port 
BO and B1 data registers. 
See Figure 4 for 
port B configuration 
flow 
chart. 


An 
incoming 
toggle 
pulse 
on 
port 
BO is allowed 
to 
toggle 
the 
data 
register 
if port 
B DCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming 
toggle 
pulse 
on port B1 is allowed 
to toggle 
the port 
B1 data register 


*DDR is a write-only 
register 
and reads as all "ones". 


"Ports 
A (with 
CMOS drive 
disabled), 
B. and C are three-state 


ports. 
Port A has optional 
internal 
pullup 
devices to provide 


CMOS 
drive 
capability. 
See Electrical 
Characteristics 
tables 


for complete 
information. 


Figure 3. Typical 
Port I/O Circuitry 
and 
Register 
Configuration 
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MCU 


3:0 
cl 
::D0!j; 
3:c; 
W 
::D 
ISPICRII 
Jo, 
0 
"" 
"V 
01 
::D0n 
TIMER OVERFLOW JL... 
m 
MCU 
rn 
rn0 
::D 
C 
MCU 
» 
~ 


MCU 


'Toggle 
Enable 
Bl 
0 ISPICR7·SPICR4·IPBO 
+ DDRBOII·SPICR2·SPICR41·CLAQ 
* * A or 8 depends 
on (MAD) 
x Write 
Only 
Register 


• 


under 
the following 
conditions 
governed 
by control 
bits 
in SPI control 
register 
and SPI clock 
arbitration 
flip-flop 
status. 


PB1 toggle 
enable = (SPICR7)·SPICR4· 
(PBO + DDRBO) + SPICR2· 
SPICR4·CLAQ 


where: 


SPICR7 = SPI interrupt 
request 
bit 
SPICR4 = SPI operation 
enable 
bit 
SPICR2 = port 
B1 toggle 
enable/start 
bit 


CLAQ = clock 
arbitration 
flip-flop 
output 


When 
PB1 toggle 
enable 
is asserted, 
the MCU write 
to 


PB1 data register 
is inhibited. 
When SPI is not used, SPICR4 


and CLAQ are reset. Therefore, 
SPICR2 can directly 
con- 


trol 
the 
port 
B1 toggle 
capability. 
Port toggle 
capability 
allows 
action 
on port 
BO or B1 or both as a result 
of timer 


overflows. 
This method 
speeds 
up timer 
overflow 
to port 


service. 
A write 
to port BO or B1 data registers 
is inhibited 


while 
the individual 
port 
toggle 
enable 
is asserted. 
The port B DCR consists 
of four status 
bits (DCR7-DCR41 


and four 
data direction 
bits (DCR3-DCRO). 
DCR4 is a tog- 
gle enable 
control 
bit for port BO. When 
cleared, 
the timer 


overflow 
pulse 
causes 
the 
data 
register 
on 
port 
BO to 
toggle. 
Port 
A has an 8-bit 
and 
port 
C has a 2-bit 
wide 
data direction 
register. 


The MCU is capable 
of addressing 
4096 bytes of mem- 
ory and I/O registers. 
The memory 
map is shown 
in Figure 
5. The 
locations 
consist 
of user 
ROM, 
self-check 
ROM, 
user RAM, 
five timer 
registers, 
a miscellaneous 
register, 
two AID registers, 
two SPI registers, 
and I/O. The interrupt 


vectors 
are located 
from 
$FF8 to $FFF. 


The stack area is used during 
processing 
of an interrupt 


or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes 
and increments 
during 
pulls. 


Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using 
the stack area for data storage 
or temporary 
work 
locations 
requires 
care to prevent 
it from 
being 
overwritten 
due 
to 
stacking 
from 
an 
interrupt 
or 


subroutine 
call. 


The 
MCU 
contains 
the 
registers 
described 
in the 
fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used 
to 
hold 
operands 
and 
results 
of arithmetic 
calcu- 
lations 
or data 
manipulations. 


7 
0 


I 
A 
I 


INDEX 
REGISTER 
(Xl 


The index 
register 
is an 8-bit 
register 
used 
for the 
in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 
may be added 
to an 8- or 16-bit immediate 
value 
to create 
an effective 
address. 
The index 
register 
may also be used 
as a temporary 
storage 
area. 


o 


___ 
x 
1 


PROGRAM 
COUNTER 
(PC) 


The program' 
counter 
is a 12-bit 
register 
that 
contains 
the address 
of the next 
byte to be fetched. 


11 
8 
7 
0 


I 
PCH 
1 
PCl 
I 


STACK 
POINTER 
(SPI 


The stack 
pointer 
is a 12-bit 
register 
that 
contains 
the 
address 
of the next free location 
on the stack. 
During 
an 
MCU 
reset 
or the 
reset 
stack 
pointer 
(RSP) instruction, 


the stack pointer 
is f<et at location 
$07F. The stack pointer 
is then decremented 
as data is pushed 
onto 
the stack and 
incremented 
as data 
is pulled 
from 
the stack. 


The seven 
most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. 
Subroutines 
and 
interrupts 
may 
be nested 
down 
to 
location 
$061 
(31 bytes 
maxi- 
mum), 
which 
allows 
the 
programmer 
to 
use 
up to 
15 
levels 
of subroutine 
calls 
(less if interrupts 
are allowed). 


11 
5 4 
0 
~spi 


CONDITION 
CODE REGISTER 
(CCI 


The condition 
code 
register 
is a 5-bit 
register 
in which 
four bits are used to indicate 
the results 
of the instruction 
just 
executed. 
These 
bits can be individually 
tested 
by a 


program 
and specific 
actions 
can be taken 
as a result 
of 


their 
state. 
Each 
bit 
is explained 
in the 
following 
para- 


graphs. 


Half Carry 
(HI 


This 
bit is set during 
ADD 
and 
ADC 
operations 
to 
in- 
dicate 
that 
a carry 
occurred 
between 
bits 
3 and 4. 


Interrupt 
(I) 


When 
~bit 
is~ 
the 
timers 
(both 
A and 
B), the 


external 
(INn 
and INT2) interrupts, 
and the SPI interrupt 


are masked 
(disabled). 
If an interrupt 
occurs 
while 
this 
bit is set, the interrupt 
is latched 
and is processed 
as soon 


as the interrupt 
bit is cleared. 


Negative 
(Nl 


When 
set, this 
bit 
indicates 
that 
the 
result 
of the 
last 


arithmetic, 
logical, 
or data manipulation 
was negative 
(bit 
7 in the result 
is a logic 
one). 
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I BYTES I 
I ADDRESS 
I 


gog 
SOOO 


110, AID, 
SPI, 


TIMERS, 
RAM 


(128 
BYTES) 


127 
S07F 


128 
S080 


PAGE 
0 ROM 


(128 
BYTES) 


255 
SOFF 


256 
Sl00 


NOT 
USEDB 


2495 
S9BF 


2496 
S9CO 


MAIN 
ROM 


(1344 
BYTES) 


SELF-CHECK 


ROM 


1248 BYTES) 


TIMERS 
(A, 
BI. 


SPI, 
INT2 


EXTERNAL 
INT 
1 


SWI 


RESET 


PORT 
A 


PORT 
B 


PORT 
C 


PORT 
0 


PORT 
A OOR' 


PORT 
B OCR' 


PORT 
C OOR' 


NOT 
USED 


TIMER 
A 


TIMER 
A CONT. 
REG. 


MISC. 
REGISTER 


TIMER 
B MSB 


TIMER 
B LSB 


TIMER 
B CONT. 
REG 


AID 
CONTROL 


AID 
RESULT 


SPI 
DATA 


SPI 
CONTROL 


NOT 
USED 


(46 BYTESI 


RAM 


164 BYTES) 


I ADDRESS 
I 


SOOO 


SOD1 


S002 


S003 


S004 


S005 


S006 


SOD7 


S008 


$009 


SODA 


SOOB 


SOOC 


SOOO 


SOOE 


SOOF 


SOlO 


SOli 


SOI2 


S03F---- 
S040 
STANDBY 
RAM" 


(16 BYTES) 


USER 
RAM 


(17 BYTES) 


SHARED 
STACK 
RAM 


(31 BYTES I 


~ 


S040 


S04F 


$050 


S060 


S061 


S07F 


Zero (Z) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 
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MR7 - 
INT2 Interrupt 
Request 
Bit 
If not 
masked 
by MR6, 
it causes 
an interrupt 
to the 


MCU, and if the I bit in the CCR is clear, the MCU will 
acknowledge 
the interrupt. 


1= Interrupt 
requested 


0= Interrupt 
not requested 


MR6 - 
INT2 Interrupt 
Request 
Mask 


1 = Inhibits 
INT2 interrupt 
request 


0= Does not inhibit 
INT2 interrupt 
request 


MR5 - 
Auxiliary 
Counter 
Status/Preset 
Bit 


If not masked 
by MR4, it will 
drive a switch 
to VSS on 
the RESET pin causing 
the MCU to reset. This bit may 


Carry/Borrow 
(C) 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit (ALU) occurred 
during 
the 


last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


MISCELLANEOUS 
REGISTERS 
(MR) $OA 


This 
register 
contains 
control 
and status 
information 
related to INT2, auxiliary 
counter, 
prescalers 
1 and 2, and 
timer 
overflow. 


4087 


T4088 


'"a:ot; 
~i" 
>-0 
~::. 
a: 
ffi 
>-~1 
4095 


be used 
as an auxiliary 
counter 
preset 
bit. 
If MR5 is 
clear, 
a write 
of 
logic 
one 
will 
preset 
the 
auxiliary 
counter, 
and if set, a write 
of logic zero will 
preset the 
auxiliary 
counter. 


1 = Auxiliary 
counter 
overflow 
0= Auxiliary 
counter 
clear 


MR4 - 
Watchdog 
Control 
Bit 


This bit cannot be set via software. 
The watchdog 
timer 
can only 
be disabled 
by reset. 


1=Watchdog 
timer 
disabled 
O=Watchdog 
timer 
enabled 
MR3 - 
Prescaler 
1 Clear Bit 
Presets the contents 
of prescaler 
1 to $7F 


1 = Prescaler 
1 preset 
0= Prescaler 
1 not preset 
MR2 - 
Prescaler 
2 Clear Bit 


Presets the contents 
of prescaler 
2 to $7FFF 


1 = Prescaler 
2 preset 
0= Prescaler 
2 not preset 
MR1 - 
Prescaler 
Cross-Couple 
Bit 


This bit controls 
the output 
of prescalers 
1 and 2 and 
directs 
them 
to either 
timer 
A or B clock inputs. 


1 = Prescaler 
1 feeds timer 
B clock input, 
and pres- 
caler 2 feeds timer 
A input 
0= Prescaler 
1 output 
is used as clock input for timer 
A, and prescaler 
2 output 
is used as clock input 
for timer 
B 


MRO - 
Port B Toggle 
Cross-Couple 
Bit 
This bit controls 
the overflow 
pulses 
of timers 
A and 
B and directs 
them 
to either 
port 
BO or B1. 


1 = Timer 
A overflow 
output 
is directed 
to port 
BO, 
and timer 
B output 
is directed 
to port 
B1 


0= Overflow 
output 
pulse of timer 
A is used as a port 
B1 data register 
toggle 
clock source, 
and timer 
B 


overflow 
output 
pulse is directed 
to port BOtoggle 
clock input 


The self check 
is initiated 
by connecting 
the 
MCU as 
shown 
in Figure 6 and then monitoring 
the output 
of port 
C (bit 0) for an oscillation 
of approximately 
7 Hz. The self- 
check program 
exercises the CPU, liD, RAM, ROM, timers, 


interrupts, 
analog-to-digitaIIAlD) 
converter, 
and the aux- 


iliary 
counter. 


The RAM, ROM, and 4-channel 
AID test can be called 


by a user program. 
The timer 
test 
may 
be called 
if the 
timer 
input 
is the internal 
clock. 


The MCU can be reset four ways: 
(1) by initial 
power- 
up; (2) by the external 
reset input (RESET); (3) by a forced 


CLOCK 
VCC 
RESET 


28 
---- 


-9V 
- - - - 
27 


VCC 
26 


25 


24 


23 


22 
AN2 
21 
ANI 
PA5 
9 
20 


ANO 
PM 
RI ~6 kll 
10 
19 
PBO 
II 
18 
PA3 
R2~3 
kll 


PBI 
PA2 
R3=200 
II 
12 
17 
R4=390l1 
PB2 
PAl 
CI ~22 
pF 
13 
16 


PB3 
PAO 
C2~ I I'F 


14 
15 
C3=0.1 
I'F 


*RC Oscillator 
Option 
Shown. 
If 00-02 
LEOs Blinking = Device 
Passes Test 


03 Blinking = Watchdog 
Reset Problem 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-479 


• 


status 
bit (MR5) is set as a result 
of counter 
overflow, 
a 
switch 
to VSS is turned 
on pulling 
the RESET pin low. A 
consequent 
voltage drop below VIRES _ on RESET causes 
a reset, which 
in turn sets MR4. Switching 
to VSS when 


the RESET pin is turned 
off allows 
voltage 
to rise above 


VIRES +, after 
which 
the 
reset 
is released. 
RESET pin 
voltage 
variation 
occurring 
as a result of forced 
reset may 


be amplified 
externally 
in order to provide 
a reset to other 


peripheral 
circuits 
in the system. 
The reset output 
from 
the MCU is not TTL compatible. 


LOW-VOLTAGE 
INHIBIT 
(LVI) 


The optional 
low-voltage 
detection 
circuit 
causes a re- 


set of the MCU if the power 
supply 
voltage 
falls below 
a 
certain 
level (VLVI). The only requirement 
is that the VCC 


must 
remain 
at or below 
the VLVI threshold 
for one tcyc 


minimum. 


In typical 
applications, 
the VCC bus filter 
capacitor 
will 
eliminate 
negative-going 
voltage 
glitches 
of less than one 


tcyc. 
The output 
from 
the 
low-voltage 
detector 
is con- 


nected directly 
to the internal 
reset circuitry. 
It also forces 
the RESET pin low via a strong 
discharge 
device through 
a resistor. 
The internal 
reset is removed 
once the power 
supply 
voltage 
rises 
above 
a recovery 
level 
(VLVR) at 
which 
time a normal 
power-on 
reset occurs. 


The 
MCU 
can 
be interrupted 
seven 
different 
ways: 


through 
the external 
interrupt 
INT1 input 
pin, with 
the 


internal 
timer 
(either A or B) interrupt 
request, 
using the 


software 
interrupt 
instruction 
(SWIl, 
SPI interrupt 
re- 


quest, 
external 
port D bit 6 (INT2) input 
pin, or at reset. 


Interrupts 
cause the processor 
registers 
to be saved on 
the 
stack 
and the 
interrupt 
mask 
(I bit) 
set to prevent 


reset generated 
by the "watchdog" 
counter; 
and (4) by 
an optional 
internal 
low voltage 
detect circuit. The RESET 
input 
consists 
mainly 
of a Schmitt 
trigger 
that senses the 


line logic 
level. Figure 7 shows 
the MCU reset circuit. 


POWER· ON· RESET (POR) 


An internal 
reset is generated 
on power-up 
that allows 
the 
internal 
clock 
generator 
to stabilize. 
The power-on 
reset 
is used strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect any drop in the power supply 
voltage. 
A delay of tRHL milliseconds 
is required 
before 


allowing 
RESET input to go high. Connecting 
a capacitor 
to the RESET input 
(Figure 8) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic zero is applied 
to the 
RESET input 
for a period 
longer 
than one machine 
cycle 
(tcyel. Under this type of reset, the Schmitt trigger 
switches 
off at VIRES _ to provide 
an internal 
reset voltage. 


FORCED RESET 


If the auxiliary 
counter 
reset mask bit in the miscella- 
neous counter 
(MR4) is cleared 
and the auxiliary 
counter 
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additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from the stack after which 
normal 
processing 
resumes. The stacking 
order is shown 
in Figure 9. 


Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted, 
but are con- 
sidered 
pending 
until the current 
instruction 
is complElte. 


1 
I 
CONOITION 


1 1 
COOE REGISTER 


ACCUMULATOR 


INOEX REGISTER 


1 111 
I 


PCW 


PCL' 


NOTE 
The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being operated 
on. 


When the current 
instruction 
is complete, 
the processor 


checks all pending 
hardware 
interrupts 
and, if unmasked 


(I bit clear!. 
proceeds 
with 
interrupt 
processing; 
other- 
wise, the next instruction 
is fetched and executed. 
Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status bit is cleared 
before unmasking 
the 
interrupt, 
then the interrupt 
is not latched. 
If both an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 


same as any other 
instruction 
regardless 
of the setting 


of the I bit. Refer to Figure 
10 for the reset and interrupt 
instruction 
processing 
sequence. 


PUSH 


*For subroutine 
calls. only PCH and pel are stacked. 


1 .IIIN 
CCRI 


07f. 
SP 


40. 
SPICR 
ffff. 
TIMER B 
7fff. 
PRESCALER 2 
fO.OCRB 
50. 
TBCR 
fC= 
OORC 
O.OORA 
CLR INT LOGIC 
ff. 
TIMER A 
7f. 
PRESCALER 1 
50.TACR 
50. MR 
07t 
ACSR 


LOAO PC 
fROM 
ffE/fff 


'MR7·MR6 


(INT2) 


LOAO PC fROM 
SWI: ffC/ffC 
INT: ffAlffB 
TIMER A. TIMER B. 
SPI OR INT2: 


ff8/ff9 


+ 
SPICR7·SPICR6 
(SPI) 


+ 
TACR7·TACR6 
+ 


(TIMER 
AI 
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TIMER INTERRUPT 


Each interrupt, 
except 
INT1, has a separate 
mask 
bit 
which 
must 
also be cleared, 
in addition 
to the I bit, for 
the MCU to acknowledge 
the interrupt. 
The INT2, timer 
A, timer 
B, and SPI interrupts 
each have their 
own 
in- 


dependent 
mask bits contained 
in MR6, TACR6, TBCR6, 


and 
SPICR6. The interrupt 
routine 
must 
determine 
the 
source olthe 
interrupt 
by examining 
the interrupt 
request 
bits, TACR7, TBCR7, MR7, and SPICR7. These bits must 
be cleared 
by software. 
The INT1 interrupt 
has its own 


vector 
address. 
Therefore, 
the INT1 interrupt 
request 
is 


cleared 
automatically, 
and then the INT1 vector 
is serv- 
iced. 


EXTERNAL 
INTERRUPT 


The. external 
interrupt 
is interna~ynchronized 
and 
then latched 
on the falling 
edge of INT1 and INT2. Clear- 
ing the I bit enables 
the external 
interrupt. 
The INT2 in- 
terrupt 
has an interrupt 
request 
bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous 
register 
(MR). The INT2 in- 


terrupt 
is inhibited 
when 
the mask bit is set. The INT2 is 
always 
read as a digital 
input 
on port 
D. The INT2 and 
timer 
interrupt 
request bits, if set. cause the MCU to proc- 


ess an interrupt 
when 
the condition 
code I bit is clear. 
The following 
paragraphs 
describe 
two 
typical 
external 
interrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal (fINT1 maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 11a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and, thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 
11b). the INT1 pin can 
be driven 
by a digital 
signal. The maximum 
frequency 
of 
a signal that can be recognized 
by the TIMER or INT1 pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 


Refer to TIMER for additional 
information. 


AC 


(fINTMAX.1 
R,;1 Mil 


AC INPUT 
;,10 Vacp-p 


(CURRENT 


~;,':'" 


SOFTWARE 
INTERRUPT (SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes 
after the other 
interrupts. 
The SWI 


execution 
is similar 
to the hardware 
interrupts. 


The 
MCU 
has three 
timers 
and 
two 
programmable 


prescalers. 
The timers 
are identified 
as timer 
A, B, and 


the auxiliary 
counter. 
Refer to Figure 12 for timers 
A and 
B block diagram. 
The following 
paragraphs 
described 
the 


different 
timers. 


TIMER A 


Timer 
A is an B-bit programmable 
counter, 
which 
can 
be loaded under 
program 
control. 
Timer A also includes 


a modulus 
latch which 
allows 
the timer 
to be "auto-re- 


loaded." 
As clock inputs are received, timer A decrements 


toward 
$00. When 
$00 is reached, 
bit 7 in the timer 
A 


control 
register 
is set and the timer 
is reloaded 
with 
the 
contents 
of the modulus 
latch. An overflow 
condition 
is 


also generated 
when value $00 is reached. This state can 
be used to toggle 
bit 0 or bit 1 of port 
B directly 
under 
the control 
of the miscellaneous 
register 
(MRO). the SPI 


control 
register, 
and the 
port 
B data direction 
register. 


Setting TACR6 or the I bit in the condition 
control 
register 
will 
prevent 
timer 
interrupts 
from 
being 
processed. 
The 


timer 
interrupt 
request 
bit MUST 
be cleared by software. 


There are three ways 
of loading 
data from 
the modulus 


latch into timer A as described 
in the following 
paragrahs. 


Direct 
Loading 


When the MCU writes 
to timer A data register, 
the data 


is latched by the modulus 
latch, and forced into the timer. 


This operation 
requires 
that TACR3 be cleared. 


Asynchronous 
External 
Event Loading 


When TACR3 is a logic one, the contents 
of the mod- 
ulus latch are transferred 
to the timer 
at the rising 
edge 


of INT2 interrupt 
request 
bit (MR7) gated with 
interrupt 
request 
mask bit (MR6). If this loading 
is used, care must 


TIL 


LEVEL 
DIGITAL 
INPUT 


lJ 
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SELECT 


TACR4.5 


PRESCALt ir 
~" 
~ 


INTERNAL 


CLOCK 


SELECT 


TBCR4.5 


PRESCALE~ 
ir 
~,p 


INTERNAL 


CLOCK 


7 
$OOB 
0 7 
$OOC 
0 


TIMER 
B 
I 
TIMER 
B 


MSB 
I 
LSB 


READ 
LSB 


o 


be taken in programming 
as it will start an interrupt 
serv- 


ice routine 
if the I bit in the CCR is clear. Loading 
$00 to 
timer 
A allows 
a countdown 
of 256 clocks before the next 
$00 state is reached. 


Auto-Loading 


The modulus 
latch 
is automatically 
loaded 
when 
the 
timer 
reaches $00. This loading 
is dependent 
on the set- 


ting 
of TACR3. Auto-loading 
also occurs 
in both the pre- 
vious 
loading 
modes. 
Timer 
A can be read at any time 
without 
affecting 
the countdown 
of the timer. 
The timer 
and modulus 
latch are set to $FF on reset. 


TACR7 - 
Timer 
A Interrupt 
Request 
Flag 
1= Timer 
A has transition 
to $00 
0= Software 
or reset cleared 
TACR6 - 
Timer 
A Interrupt 
Request 
Mask 
1= Interrupt 
request 
inhibited 
0= Interrupt 
request 
not inhibited 
TACR5 - 
External 
or Internal 
Bit 
1 = External 
clock source 
for prescaler 
1 
0= Internal 
clock source 
for prescaler 
1 
TACR4 - 
External 
Enable 
Bit 
Control 
bit 
used 
to 
enable 
the 
external 
timer 
pin 
(PRESCALER1/PCO). 


NOTE 


Loading 
$01 to timer 
A should 
be avoided 
when 
operating 
with 
a divide-by-one 
prescaler. 
Doing so 
will 
inhibit 
timer 
A auto-loading, 
interrupt 
genera- 


tion, 
and port 
B toggle 
mechanisms. 
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TACR5 
TACR4 
Prescaler 1 Clock Source 


a 
a 
Internal Clock 
a 
1 
AND of Internal Clock and PRESCALERI/ 
PCO" 


1 
a 
Inputs Disabled 


1 
1 
PRESCALER1/PCo" Low-to-High 
Transi- 


tion 


"The status of PRESCALER1IPCodepends upon the data direc- 
tion status of PRESCALER1/PCo.If PRESCALER1/PCois an out- 
put, then the clock source is equal to the port data register 
content, independent 
of the port electrical loading. If an input. 


then the clock source is the logic level of PRESCALER1/PCo. 


TACR3 - 
Timer 
A Load Mode Control 
1=Asynchronous 
external 
event loading 
(INT2 driven 
loading 
is enabled) 
O=Allows 
direct 
loading 
of timer 
A 
TACR2, TACR 1, TACRO - 
Prescaler 
1 Division 
Ratio Con- 
trol 
Bits 
When 
set, these 
bits select one of eight 
possible 
out- 
puts on prescaler 
1. 


TACR2 
TACRl 
TACRO 
Divide By 
a 
a 
a 
1 
a 
a 
1 
2 
a 
1 
a 
4 


a 
1 
1 
8 


1 
a 
a 
16 


1 
a 
1 
32 


1 
1 
a 
64 


1 
1 
1 
128 


TIMER 
B 


This is a 16-bit timer which 
is accessed via two registers 
($OB for the most-significant 
byte (MSB) and $OC for the 
least-significant 
byte 
(LSB)). The MSB has a "pipeline" 


latch that allows 
a "snap 
shot" 
value of the entire 
16 bits 
to be read. Read/write 
operations 
to the LSB are direct. 


The LSB can be read at anylime 
without 
disturbing 
the 


count. 
When 
the 
LSB is read, the contents 
of the 
MSB 
are loaded 
into the pipeline 
latch so a read of the MSB 
is actually 
the contents 
of the latch. 
When writing 
to the LSB, the contents 
are immediately 
entered 
into 
the 
timer. 
At the 
same 
time 
the 
pipeline 


contents 
are forced 
into the MSB of the timer. This allows 


a 16-bit 
word 
to be placed 
into the timer 
data 
register 


during 
a LSB write 
operation. 
An underflow 
condition 
is 
also generated 
when value $00 is reached. This state can 
be used to toggle 
bit 0 or bit 1 of port 
B directly 
under 
the control 
of the miscellaneous 
register 
(MRO), the SPI 


control 
register, 
and the 
port 
B data direction 
register. 
Setting 
TBCR6 or the I bit inthe 
condition 
control 
register 
will 
prevent 
timer 
interrupts 
from 
being 
processed. 
The 
timer 
interrupt 
request 
bit MUST 
be cleared 
by software. 


TBCR7 - 
Timer 
B Interrupt 
Request 
Flag 


1 = Timer 
B has transition 
to $00 
0= Software 
or reset cleared 
TBCR6 - 
Timer 
B Interrupt 
Request 
Mask 
1 = Interrupt 
request 
inhibited 
0= Interrupt 
request 
not inhibited 


TBCR5 - 
External 
or Internal 
Bit 
1 = External 
clock source for prescaler 
2 


0= Internal 
clock source 
for prescaler 
2 


TBCR4 - 
External 
Enable 
Bit 
Control 
bit 
used 
to 
enable 
the 
external 
timer 
pin 
(PRESCALER2/PC1 ). 


TBCR5 
TBCR4 
Prescaler 2 Clock Source 


a 
a 
Internal Clock 


a 
1 
AND of Internal Clock and PRESCALER2 
PC,. 


1 
a 
Inputs Disabled 


1 
1 
PRESCALER2/PC1" Low-to-High 
Transi- 


tion 


"The status of PRESCALER2/PCl depends upon the data direc- 


tion status of PRESCALER2/PC1.If PRESCALER2/PCl is an out- 
put, then the clock source is equal to the port data register 
content, independent 
of the port electrical loading. If an input, 


then the clock source is the logic level of PRESCALER2/PC1. 


TBCR3, TBCR2, TBCR1, TBCRO - 
Prescaler 
2 Division 


Ratio Control 
Bits 
When set, these bits select one of eight possible 
output 
on prescaler 
2. 


TBCR3 
TBCR2 
TBCRl 
TBCRO 
Divide By 
a 
a 
a 
a 
1 
a 
a 
a 
1 
2 


a 
a 
1 
a 
4 
a 
a 
1 
1 
8 


a 
1 
a 
a 
16 


a 
1 
a 
1 
32 


a 
1 
1 
a 
64 
a 
1 
1 
1 
128 


1 
a 
a 
a 
256 


1 
a 
a 
1 
512 


1 
a 
1 
a 
1024 


1 
a 
1 
1 
2048 


1 
1 
a 
a 
4096 


1 
1 
a 
1 
8192 


1 
1 
1 
a 
16384 


1 
1 
1 
1 
32768 
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PRESCALER 1 


Prescaler 
1 is a 7-bit 
binary 
down 
counter; 
its value 
is 
selected 
by TACR2, TACR1, and TACRO. The selected 
out- 


put 
is used 
as the 
clock 
input 
to 
either 
timer 
A or 
B, 
depending 
upon 
the status 
of the prescaler 
cross-couple 
bit (MR1 I. The type of clock source 
to prescaler 
1 may be 
selected 
by TACR5 
and TACR4. 
Prescaler 
1 is set to $7F 
at reset or under 
program 
control 
when 
a one is written 
to prescaler 
1 clear 
bit (MR3). 


PRESCALER 2 


Prescaler 
2 is a 15-bit 
down 
counter; 
its value 
is se- 
lected 
by 
TBCR3, 
TBCR2, 
TBCR1, 
and 
TBCRO. The 
se- 
lected 
output 
is used as the clock 
input 
to either 
timer 
A 
or B, depending 
upon 
the status 
of the 
prescaler 
cross- 
couple 
bit (MR1). The type 
of clock 
source 
to prescaler 
2 
may 
be selected 
by TBCR5 and TBCR4. Prescaler 
2 is set 
to $7FFF at reset 
or under 
program 
control 
when 
a one 
is written 
to prescaler 
2 clear 
bit (MR2). 


AUXILIARY 
COUNTER 


This 
register 
is a fixed 
counter 
which 
is clocked 
by the 
internal 
clock 
(fosc 
divided 
by four). 
Total 
count 
period 
is 4095 cycles. 
The MCU communicates 
with 
this counter 
via 
the 
miscellaneous 
register 
(MR5 
and 
MR4). 
Count- 
down 
may be aborted 
at any time 
under 
program 
control, 


which 
also 
resets 
the 
counter 
to 4095 
and 
clears 
MR5. 


When 
MR4 is clear and MR5 is set as a result 
of counter 
time 
out, 
the 
reset 
pin 
is internally 
pulled 
to ground. 
If 
the 
MCU 
loses 
control 
of the 
program, 
the "watchdog" 


timer 
will 
bring 
the 
MCU 
back to reset. 
Refer to 
Figure 
13 for counter 
operation 
diagram. 


The serial 
peripheral 
interface 
(SPI) has arbitration 
on 
the data and clock 
lines. The SPI communicates 
with 
the 
MCU 
via 
data 
and 
control 
registers. 
The 
SPI data 
and 
clock 
inputs 
are always 
taken 
from 
their 
respective 
I/O 
ports, 
regardless 
of the status 
of the data 
direction 
reg- 
isters 
relative 
to that 
port. The SPI can operate 
in modes 
from 
auto clocked 
(NRZI, half duplex, 
and full duplex 
with 
from 
a one 
wire 
to 
a four 
wire 
combination. 
Refer 
to 
Figure 
14 for the SPI block 
diagram. 


SPI CONTROL 
AND STATUS REGISTER 


This 8-bit 
register 
contains 
the status 
and control 
bits 
relative 
to 
SPI operations. 
The 
SPI control 
register 
op- 
eration 
is shown 
in Figure 
15. The SPI control 
and status 
register 
bits can be set or cleared 
under 
program 
control. 


76543210 


RESET: 


o 


SPICR7 - 
SPI Interrupt 
Request 
Bit 
Set on eighth 
data 
input 
strobe. 
MCU services 
this 
in- 


terrupt 
if I bit is clear 
in CCR. 


1 = Interrupt 
request 
(if SPICR6 not maskedl 
0= No interrupt 
pending 


SPICR6 - 
SPI Interrupt 
Request 
Mask 
Bit 


1 = Disables 
interrupt 
request 
from 
SPICR7 
0= Enables 
interrupt 
request 
from 
SPICR7 


SPICR5 - 
SPI Clock 
Sense 
Bit/Bus-Busy 
Flag 
Dual-function 
bit controlled 
by the status 
of SPICR4 
1 = Start 
SPI operation 
when 
SPICR4 = 1. Input 
data 
latched 
on positive 
edge and output 
data changed 
on negative 
edge 
of SPI clock 
when 
SPICR4 = O. 
0= Stop 
SPI operation 
when 
SPICR4 = 1. Input 
data 
latched 
on negative 
edge and output 
data changed 
on positive 
edge 
of SPI clock 
when 
SPICR4 = O. 


SPICR4 - 
SPI Operation 
Enable 
Bit 
This bit determines 
the functions 
of SPICR5 and SPICR2. 


1 = Enables 
SPI data 
register 
shifting, 
data and clock 
arbitration 
logic, 
and slave 
select 
input 
logic 
0= Disables 
SPI data register 
shifting, 
data and clock 
arbitration 
logic, 
and slave 
select 
input 
logic 
SPICR3 - 
SPI Data Output 
Select 
Bit 
1 = Output 
of the 
SPI data 
register 
is loaded 
to port 


B3 data register 
at the appropriate 
SPI clock edge 
• 
selected 
by SPICR5, during 
the active 
transaction 
mode 
0= Output 
of the 
SPI data 
register 
is loaded 
to port 
B2 data register 
at the appropriate 
SPI clock 
edge 
selected 
by SPICR5, during 
the active 
transaction 
mode 
SPICR2 - 
Port B1 Toggle 
Enable/Start 
Bit 
Dual-function 
bit controlled 
by the status 
of SPICR4 
1 = Start 
bit is set by negative 
transition 
of the data 
input 
of the SPI data shift 
register 
while 
the clock 
is at the 
idle 
level 
when 
SPICR4 = 1. Start 
bit set 
under 
program 
control 
to enable 
port B1 data reg- 
ister toggle 
facility 
when 
SPICR4 = O. 


0= Stop 
SPI operation 
when 
SPICR4 = 1. Cleared 
un- 
der program 
control 
when 
SPICR4=0. 


SPICR1 - 
Mode 
Fault 
Flag 
1 = (a) 
Mode 
flag 
is set when 
SPI data 
output 
arbi- 
tration 
occurs 
on the SPI data output 
port (PB3 
or PB21 selected 
by SPICR3. The 
MCU 
loses 
data mastership, 
and the SPI data output 
port 
DDR is cleared. 
(b) 
Mode 
flag 
is set if a low 
level 
is detected 
on 
slave 
input 
PBO. Then, 
the 
MCU 
loses 
clock 
mastership 
switching 
to the clock 
slave 
mode, 


and 
port 
B1 DDR is cleared. 
(c) Mode 
flag 
is set during 
the idle 
mode 
when 
a 
negative 
clock edge is detected 
on the SPI clock 
input, 
and the port 
B1 data 
register 
is cleared. 
0= Cleared 
under 
program 
control 
SPICRO - 
SPI Input 
Data Select 
Bit 
1 = SPI data from 
port 
B3 is latched 
into the SPI data 
register 
0= SPI data from 
port 
B2 is routed 
to the input 
of the 
SPI data 
register 


SPI DATA REGISTER 


This 
register 
can be written 
to any time 
and 
can also 
be read, 
regardless 
of serial 
operations, 
without 
disturb- 


ing the data. 
A one 
bit shift 
to the 
left occurs 
each time 
there 
is a data 
input 
strobe 
while 
the 
LSB is loaded 
with 
data from 
port 
B2 or B3. The MSB 
is loaded 
every 
time 
there 
is data output 
strobe. 
Data input 
and output 
strobes 
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• 


EXTERNAL RESET ~ 
I 


RESET 
l.:....( 


VIRES+ 


I 
FORCEORESET•..••.•• , 
TIME 
I 
I 
I 
I 
VIRES-~ 
I 


IMRSI~l 
~ 
I 


l/IMRSI=O 


J 
L 
I 
I 
I 
I 


I 


~ 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 


ltlMRSI 
ltlMR41 
OtlMRSI 
OtlMR4j 


IMRS]. 


IMR41~ 


o 
Counter 
Preset by Writing 
"1" 
o 
Underflow: 
MRS t '; No Forced 
Reset 
o 
Counter 
Reset 
by Writing 
"0" 
o 
Underflow 
MRS t 1 Forced 
Reset 
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DATA 
OUT 


STROBE 


DATA 
IN 
STROBE 


OPEN 
DRAIN 


ENABLE 


OCR I 
• 


SLAVE 
SELECT 


ARBITRATION 
LOGIC 


TOGGLE 
ENABLE 
REGISTER 


OCR4 


DATA 
DIRECTION 
REGISTER 
OCR Bo 
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• 


INTERRUPT 


REQUEST 


TO CPU 


TO PB3 


OATA 
REGISTER 


TO PB2 


OATA 
REGISTER 


and PB3 are used for data transfer. 
The same shift 
register 
is used for data in and data out. The byte 
transmitted 
replaces 
the byte received. 
SPICR7 is 
used to signify 
that the I/O operation 
is complete. 
5) SPI clock is always 
provided 
on port B1. In the clock 
slave 
mode. 
port 
B1 DDR is in the 
input 
mode 
(cleared). 
In the clock master 
mode. 
port 
B1 DDR 
is set; therefore. 
the MCU imposes 
the clock level 
on PB1 until there 
is clock arbitration 
on the clock 
line or until the MCU loses clock mastership 
when 
PBO goes low. 
6) No fixed 
baud 
rate 
generation 
exists. 
The clock 
frequency 
is dependent 
on 
the 
prescaler 
clock 
source option. 
prescaler 
divide 
ratio. and timer 
di- 
vide 
ratio 
as well 
as the 
port 
C status 
in case of 
external 
clocking 
for the timer. Toggling 
of the port 
B1 data 
register 
is automatically 
allowed 
during 
the active transmission 
mode. 
7) All devices 
connected 
to the SPI must 
have their 
output 
and 
input 
data 
strobe 
on the 
same 
clock 
edge for correct 
transfer 
of data. 


8) During the active transmission 
mode. the first clock 
edge 
must 
be the output 
data 
strobe. 
When 
this 
occurs, the MSBs of the data registers 
of all trans- 
mitters 
are copied 
onto 
the data output 
pins, and 
the MCU copies 
the MSB of its SPI onto 
the port 
B2 or B3 data register. 


9) Port B data direction 
registers 
and port B data con- 
trol 
registers 
are accessible 
during 
SPI operation. 


During 
active transaction 
mode, 
the PB1 data reg- 
ister, PB2 data register 
(if SPICR3; 
0), and PB3 (if 


are generated 
internally 
only 
during 
the active 
transac- 
tion time. 


SPI DIVIDE·BY·EIGHT 
COUNTER 


The counter 
is cleared during SPI deselect or idle modes. 


A count 
occurs 
at every 
data input 
strobe 
during 
the ac- 
tive transaction 
mode. 
At overflow, 
SPICR7 is set which 
puts the SPI in idle mode 
and blocks 
all data input 
and 
output 
strobes. 
The counter 
is cleared 
when 
PBO is high 
if the SPI is in the slave mode or when a "start" 
condition 
is detected. 


SPIOPERATION 


The SPI can operate 
in a variety 
of modes. 
Software 
assisted 
protocols 
may be defined 
to upgrade 
the hard- 
ware versatility 
and/or 
system 
performance 
of the MCU. 


Some features 
common 
to all operating 
modes 
are sum- 
marized 
in Table 
1 and in the following 
paragraphs. 


1) SPI data input and output may be individually 
routed 
to or from 
PB2 or PB3 (Table 2). These four routings 
provide 
half and full duplex 
operations. 
as well 
as 
allowing 
bidirectional 
information 
to flow in daisy- 
chained 
systems. 
2) When 
data input 
and output 
is done on PB2, PB3 
is available 
for any other 
use and vice versa. 
3) Data input 
is always 
relative 
to the port 
pin logic 
level regardless 
of the data direction 
register status 
on that 
pin. 


4) In full duplex 
operation, 
16 bits of information 
may 
be transferred 
with 
eight 
clock pulses 
between 
at 
least two devices with transmit 
capability. 
Both PB2 
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SPICR3= 
1) are not write 
accessible 
under 
program 
control. 


10) 
Port B lines 
not used for SPI can be used for other 
digital 
functions. 


DEFINITIONS 
Transmitter 
- 
Data Master: 
DDRB2 or 3 = 1 
Receiver - 
Data Slave: 
DDRB2 or 3 = 0 
Clock Master: 
DDRB1 = 1 
Clock Slave: 
DDRB1= 0 
Transaction 
Mode: 
SPICR4= 1 
1) Active: 
SPICR7e(DDRBOePBO+DDRBO)if DDRB1=0 (clock slave mode) or 
SPICR7e(DDRBQePBO+ DDRBO)if DDRB1= 1 (clock master mode) 
Clock Pulses allowed, data shifted 
2) Idle: SPICR7+ DDRBQePBOif DDRB1 = 0 (clock slave mode) 
Clock pulses blocked, data output line in high-impedance 
state 
Deselect Mode: 
SPICR4=0 - No SPI Operations 


SLAVE SELECT INPUT 
Slave Select Input: 
SPISS - PBO 
If DDRBO= 0 then so SPISS action on MCU 
1) Master Mode: 
SPISS = 1 
DDRB1= 1 
SPISS 1 - 0: Switch to Slave Mode (DDRB1 1 - 0) 
Set SPICRl (Mode Fault Flag) 


2) Slave Mode: 
SPISS= 0 
DDRB1 = 0 
External clock is allowed to shift data in/out. If SPISS is pulled high, the external clock input pulses 
are inhibited; 
no data shift; divide-by-eight 
counter cleared; SPID (PB2 or PB3) switched to high- 
impedance state. 


Used as Chip-Select Input 


DATA ARBITRATION 
Data master loses data mastership when data collision 
occurs during internal data strobe time. 


Then SPICR1 (mode fault flag 1is set; SPID output port DDR (B2 or B3) 1 .0 
(high-impedance 
state). 


CLOCK ARBITRATION 
MCU has clock mastership (DDRB1 = 1) 


1) Via SPISS line (DDRBO=O).lf SPISS is pulled low, then clock mastership 
lost; DDRB11. 
0 (high-imped- 


ance state); SPICR1 is set (mode fault flag). 


2) Via clock line SPICL (DDRB1 ~1 and DCRB5~0) 


Condition: 
SPICL must have open-drain 
output (DCRB5= 0) 


If clock line is held low externally 
then clock mastership 
is not lost; minimum 
tCLH and 


tCLK times are guaranteed. 


If SPICL goes low during 
idle mode then SPICR1~ 1 and clock line is switched 
low to 


inhibit the system clock. 


MODE FAULT FLAGE OPERATION (SPICR1) 


Flag set when any of the following 
conditions 
occur: 


Data arbitration 
occurs on SPID output. 


Clock arbitration 
with SPISS during master to slave switching. 
Clock arbitration 
via clock line if SPICL 1 .0 
during idle. 


START, STOP, AND CLOCK IDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition 
that causes data on the serial output 
data line to be 


changed is defined as the SPI clock idle state. 
SPICR5= 0: SPICL Idle = Low State 
SPICRS= 1: SPICL Idle = High State 


NOTE 


Clock idle state can only be defined if SPICR4= 0 (Deselect Mode) 


Start Condition: 
Any negative transition 
of the data input line (PB2 or PB31during an SPICL idle state. 


Stop Condition: 
Any positive transition 
of the data input line during an SPICL idle state. 


• 
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Port 
Name 
Use 
Input 
Output 
Comments 


PBO 
SPISS 
Yes 
No 
Used as slave select input 
PBO 
Data 
No 
Yes 
Used as "busy" 
signal or any digital 
output 


PB1 
SPICL 
Yes 
No 
Clock slave 
PB1 
SPICL 
No 
Yes 
Clock master 


PB2 
SPID 
Yes 
No 
SPI data input SPICRO= 0 
PB2 
SPID 
No 
Yes 
SPI data output SPICR3= 0 
PB2 
Data 
Yes 
Yes 
Any digital signal SPICR3= 1 


PB3 
SPID 
Yes 
No 
SPI data input SPICRO= 1 
PB3 
SPID 
No 
Yes 
SPI data output SPICR3= 1 
PB3 
Data 
Yes 
Yes 
Any digital signal SPICR3= 0 


SELECT INPUT OPERATION 


An 
external 
device 
supplies 
slave 
select 
information 
via port BO.If slave select is not used, set port BOto output 
mode to inhibit 
slave select function. 


The following 
paragraphs 
describe 
clock 
master 
and 
clock slave operating 
modes 
of the SPI. 


Master 
Mode 
Slave Select 
Actions 


The MCU monitors 
slave select input 
in master 
mode 
to assure that it stays false. If slave select goes true, the 
MCU exits 
master 
mode 
and becomes 
a slave. This im- 
plies that a write 
collision 
has occurred 
which 
means two 
devices 
attempted 
to become 
masters. 
Write 
collisions 
normally 
result 
from 
a software 
error, 
and the 
default 
master 
must clean up the system. 
The mode fault flag is 
set to signal 
that 
clock 
mastership 
is lost. 
Slave 
select 
actions 
can take place during 
either 
active or idle trans- 
action 
modes. 


Slave Select 
Input 
Actions 
During 
Slave Mode 


The current 
clock master 
generates 
slave select to en- 
able one of several 
slaves to accept 
or return 
data. The 
SS signal 
must 
go low 
before 
serial 
clock 
pulses 
occur 
and must 
remain 
low 
until 
after 
the eighth 
serial 
clock 
cycle. 
Individual 
lines 
or a daisy 
chain 
can be used for 
multiple 
slaves. When 
SS is high, the following 
occur: 
• 
Serial data output 
is forced to a high-impedance 
state 
without 
affecting 
the DDR status. 


• 
Serial 
clock 
input 
pulses 
are inhibited 
from 
gener- 
ating 
internal 
data output 
and input 
strobe 
pulses. 


• 
The eight-bit 
counter 
is cleared. 


SPI OPERATING 
MODES 


Six methods 
of operating 
the SPI are discussed 
in the 
following 
paragraphs. 


One-Wire 
Autoclocked 
Mode 


Various 
SPI devices can be connected 
on a single wire, 


with 
data transmission 
using an implicit 
clock, and each 
device 
being 
its own clock master. 


Two-Wire 
Half-Duplex 
Mode 


In this mode, separate 
data and clock lines connect 
the 
elements 
in the system. 
Data and clock mastership 
should 


be monitored 
via protocol 
included 
in the data patterns. 
A transmitter 
can send all zeros to take all other 
trans- 
mitters 
off the bus . 


Three-Wire 
Half-Duplex 
Mode with 
Slave Select 
Input 


This mode is the same as the half-duplex 
mode except 
that 
the 
slave 
select 
input 
allows 
using 
the 
MCU as a 
peripheral 
in a system 
where 
clock mastership 
is passed 
through 
the slave 
select 
line. Typically, 
the slave select 


lines can be wired 
together. 
The current 
master 
sets its 
slave select line in the output 
mode prior to a serial trans- 
mission 
and pulls 
it low 
to indicate 
that 
the system 
is 
busy. This allows 
the clock master 
to retain 
mastership 
until 
the end of transmission. 
Software 
protocol 
can be 
arranged 
so that slaves 
do not request 
mastership 
until 
their slave select lines go high. At the end of a transmis- 
sion, 
the current 
master 
pulls 
SPISS high 
and puts the 
SPISS port 
(PBO) in the input 
mode. 
A slave 
requesting 
clock mastership 
pulls the SPISS line low, removing 
the 
current 
master from 
the line. Time multiplexed 
protocols 
may 
be required 
to avoid 
simultaneous 
mastership 
re- 
quests. 


Three-Wire 
Full-Duplex 
Mode 


This mode allows 
the MCU to operate 
simultaneously 
as transmitter 
and receiver. 
Bus or daisy-chain 
networks 
are feasible. 
Protocols 
in the data stream 
are required 
to 
change: 


• 
Clock masters 
• 
The number 
of transmitters 
in the system 
• 
The direction 
of data flow 
in daisy-chained 
systems 
with 
collision 
It is possible 
for the MCU to shift 
out one byte of data 
while 
receiving 
another, 
as illustrated 
in Figure 
16. This 
eliminates 
the need for XMIT EMPTY or REC FULL status 
bits. 


Three-Wire 
Full-Duplex 
Mode with 
Clock Arbitration 


This mode is a mix of the three-wire 
full-duplex 
mode 
and two-wire 
half-duplex 
mode 
with 
clock 
arbitration, 
where 
the SPI clock line operates 
as a wire-or. 
Simulta- 
neous 
masters 
are allowed, 
and clock 
arbitration 
is via 
the clock line. 
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SLAVE SELECT 


CLOCK 


OATA 


{ 


82=SPIO 
IN 
--+ 
83= SPIC OUT 


EXAMPLE: 
INFORMATION FLOW 
{ 
82= SPIO OUT 
.-- 
83=SPIO 
IN 


Four-Wire 
Full-Duplex 
Mode 
with 
Slave-Select 
Input 


This mode 
is similar 
to the three-wire 
full-duplex 
mode 
in network 
construction 
and to the three-wire 
half-duplex 


mode with 
slave-select 
input 
in clock arbitration 
and slave 
selection. 
Refer to Figure 
17. 


analog 
channels 
(VRH - VRL, VRH - VRL/2, 
VRH - VRL/4, 


and 
VRLl 
may 
be selected 
for 
calibration. 
The accuracy 
of these 
internal 
channels 
may 
not 
meet 
the 
accuracy 
specifications 
of the external 
channels. 


A fifth 
external 
analog 
input 
(AN4) 
is available 
via the 


mask option. 
When 
selected, 
it replaces 
the VRH internal 
channel. 
Due to signal 
routing, 
the accuracy 
of this 
fifth 
channel 
may 
be slightly 
less than 
ANO-AN3. 


Multiplexer 
selection 
is controlled 
by the 
AID 
control 
register 
(ACR) bits 
0, 1, and 2. Refer to Table 
3 for 
mul- 


tiplexer 
selection. 
The 
ACR 
is shown 
in Figure 
18. The 


converter 
uses 30 machine 
cycles 
to complete 
a conver- 
sion 
of a sampled 
analog 
input. 
When 
the conversion 
is 
complete, 
the 
digital 
value 
is placed 
in the 
AID 
result 


The chip resident 
8-bit analog-to-digital 
(AID) converter 
uses a successive 
approximation 
technique 
as shown 
in 
Figure 
18. Four external 
analog 
inputs 
can be connected 
to the AID through 
a multiplexer 
via port 
D. Four internal 


~ 


-f.--< 
MCU 1 


~ 
-I--< 
-0- 
MCU 2 
Vc 


....• 


-f-- 


MCU 3 


{ 


SPIO:PB213 
SPICL:PBl 


'HALF OUPLEX 
{ 
SPIO:PD2J3 
WITH CLOCK ARBITRATION 
SPICL:PBl 


{ 


SPID:PB2J3 
SPICL:PBl 
SPISS:PBO 


{ 


SPIO IN:PB2J3 
SPIO DUT:PB312 
SPICL:PBl 


{ 


SPIO IN:PB2J3 
SPID OUT:PB3/2 
SPICL:PBl 
SPISS:P80 


o 
...J 
Cl 
(I) 
c:uc:<n 
(I) 
0: 
CI) 
c: 


'" 
'" 


• 
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AID Control Register 
Input Selected 
AID Output (Hex) 


ACR2 
ACRl 
ACRO 
Min 
Typ 
Max 


0 
0 
0 
ANO 


0 
0 
1 
AN1 
0 
1 
0 
AN2 


0 
1 
1 
AN3 


1 
0 
0 
VRH** 
FE** 
FF** 
FF** 


1 
0 
1 
VRL* 
00 
00 
01 
1 
1 
0 
VRH/4* 
3F 
40 
41 


1 
1 
1 
VRH/2* 
7F 
80 
81 


*Internal 
(calibration) 
levels 


**AN4 may replace the VRH calibration channel if selected via mask 
option. 


register 
(ARR); 
the conversion 
flag 
is set; selected 
input 
is sampled 
again; 
and 
a new 
conversion 
begins. 
When 
ACR7 
is cleared, 
the 
conversion 
in progress 
is aborted 
and the 
selected 
input, 
which 
is held 
internally, 
is sam- 
pled for five 
machine 
cycles. 


The converter 
uses VRH and VRL as reference 
voltages. 


An inp\Jt 
voltage 
equal 
to or greater 
than 
VRH converts 
to $FF. An 
input 
voltage 
equal 
to or less than 
VRL, but 
greater 
than 
VSS, converts 
to $00. Maximum 
and 
mini- 
mum 
ratings 
must 
not 
be exceeded. 
Each analog 
input 
source 
should 
use 
VRH 
as the 
supply 
voltage 
and 
be 
referenced 
to 
VRL 
for 
the 
ratiometric 
conversion. 
To 
maintain 
fUll 
accuracy 
of 
the 
AID, 
three 
requirements 
should 
be followed: 
(1) VRH should 
be equal 
to or less 
than 
VCC, (2) VRL should 
be equal to or greater 
than VSS 
but less than 
maximum 
specifications, 
and (3) VRH - VRL 
should 
be equal 
to or greater 
than 
4 volts. 


The AID has a built-in 
1/2 LSB offset 
intended 
to reduce 
the magnitude 
ofthe 
quantizing 
error to :t 1/2 LSB, rather 


than 
+ 0, 
-1 
LSB with 
no offset. 
This 
implies 
that, 
ig- 


noring 
errors, 
the transition 
point 
from 
$00 to $01 occurs 


at 1/2 LSB above 
VRL. Similarly, 
the transition 
from 
$FE 
to $FF occurs 
1-1/2 LSB below 
VRH, ideally. 


The MCU 
has a set of 61 basic 
instructions 
which 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 


following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 


erand 
is either 
the accumulator 
or the index 
register. 
The 


other 
operand 
is obtained 
from 
memory 
using 
one of the 


addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 


D/A 


15 k ITYP.) 


PD5IVRH 


PD4NRL 


PDD/AND 


PDI/ANI 


PD2JAN2 


PD3JAN3 


INT2JPD6/AN4 


I-Of-S 


SELECT 


MULTIPLEXER 


A/D 


RESULT 


REGISTER 


A/D 


CONTROL 
'-' 


REGISTER 
« 
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jump 
to subroutine 
(JSR) 
instructions 
have 
no register 
operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Comparel 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 


instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 


lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch 
Never 
BRN 


Branch IFF Higher 
BHI 


Branch IFF Lower or Same 
BLS 


Branch IFF Carry Clear 
BCC 


(Branch IFF Higher or Same) 
(BHS) 


Branch IFF Carry Set 
BCS 


(Branch IFF Lower) 
(BLOI 


Branch IFF Not Equal 
BNE 


Branch IFF Equal 
BEG 


Branch IFF Half Carry Clear 
BHCC 


Branch IFF Half Carry Set 
BHCS 


Branch IFF Plus 
BPL 


Branch IFF Minus 
BMI 


Branch IFF Interrupt 
Mask Bit is Clear 
BMC 


Branch IFF Interrupt 
Mask Bit is Set 
BMS 


Branch IFF Interrupt 
Line is Low 
BIL 


Branch IFF Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 


ister, 
modify 
or test 
its contents, 
and write 
the modified 


value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 


negative 
or zero (TST) instruction 
is an exception 
to the 


read-modify-write 
sequence 
since 
it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the first 
256 bytes 
of the memory 
space where 
all port registers, 
port DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An 
additional 
feature 
allows 
the 
soft- 


ware 
to test 
and 
branch 
on the 
state 
of any 
bit within 
these 256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For test 
and 
branch 
instructions, 
the value 
of 
the bit tested 
is also placed 
in the carry 
bit of the condition 
code 
register. 
Refer to the following 
list for 
bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O .. . 71 


Branch if Bit n is Clear 
BRCLR n (n=O ... 
71 


Set Bit n 
BSET n (n = 0 ... 
7) 


Clear Bit n 
BCLR n (n = 0 ... 
7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software Interrupt 
SWI 


Return 
from 
Subroutine 
RTS 


Return 
from 
Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 
4 is an opcode 
map for the instructions 
used on 
the MCU. 
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B~ M. "iouLetion 
Branch 
Rood-Modifv·Writ. 
Control 
R 
or/Momon! 


IH 
I 
I 
IR 
, 
~ 
~ 
,;,. 
.i., 
.:.- 
.,~, 
o~· 
nl11 
8 
9 
A 
B 
,fro 
,~, 
l1~n 
,f" 
H'----U; 


000' 
'000 
'00' 
1010 
lOll 


'BASEJPA 
I' 
• 
· 


6 


': 
SUB,. 
I' 
SUB 
,. 
~ 
BSE1:g, 
I, 
BAA." 
NEG 
nlR 
NEG'N" 
NEG 
NEG 
• NEG 
ATl1"'H 
SU~.u 
SUB",. 
SU~XT 
SUB", 
j!., 


I 
, 
'NH 
'XI 
, 
'x 
, 


10 
7 
• 
6 
, 
· 


5 
6 
5 
· 
~, 
BACL~,OA 
BCL~g, 
I, 
BAN A" 
ATS 
CMP 
CMP 
CMP 
CMP!ll.? 
, 
CMP 
CMP 
~, 
I 
INH 
lMM 
DIA 
'x, 
3 
'XI 
I 
IX 
,~. 
· 
· 
, 
SBC 
I' 
SBC 
2 
BASEJ,'A 
BSE1:~, 
I, 
BHI." 
SBC 
SBC 
SB~XT 
SBC 
2 


0010 
'MM 
D'A 
IX 
1 
IXl 
I 
,x 
00'0 
,~. 
7 
· 


6 
· 
· 


1 
6 
" 


1 
· 


> 
CPX 
I' 
CPX 
J,\ 
BACL~"A 
BCL~~, 
I, 
BLS." 
COM 


nlR 
1 COM~,,--, 
COMX 
COM 
COM 
SWI 
CPX 
CPX 
CPX 
CPX 


~11 
I 
'NH 
'XI 
I 
'x 
I 
'N" 
'M" , 
DIA 
'XT 
'x , 
" 
, 
I 
,~. 
· 


6 
· 
· 


1 
6 
· 


> 
ANO 
• 
.;:., 
BASEJfA 
BSE1:~, 
I, 
BCC." 
lSAn.TR 
LSAA 
LSAX 
LSA 
LSA 
ANO 
, 
ANO 
ANqXT 
ANO 
ANO 
,;:" 
I 
'N" 
, 
'N" 
'XI 
I 
" 


'MM 
0," 
'X 
1 
, 
, 
'X 


I~. 
• 
1 
· 
: 
BIT '" 
• 


n~1 
BACL~f. 
BCL~~c 
I, 
BCS." 
BI\ ••• , 
., 
ell 
"'IR 
81\X1 
BIT ,., 
, 
BIT 
'x 
0;" 


I~. 
· 


6 
· 
· 


1 
6 
1 
· 


6 
5 
• 


l~n 
BASEJiA 
BSE~~c 
I, 
BNE." 
AOA",. 
ROR~u 
ROA~"'H 
AOA 
ROA 
LOA 
, 
LOA 
LOA 
LOA 
LOA 
LOA 
~o 
1 
, 
'XI 
I 
'X 
'MM 
D'A 
3 
'x, 
IX 
'X, , 
'X 
,~- 
· 


6 
· 
· 


7 
6 
, 
,- 


, 
STA 
7 
BACL~iA 
BCL~~c 
I, BEO 
ASA 


nlR 
ASR~H 
ASAX 
ASA 
ASA 
TAX 
, 
ST A"'A 
ST"';XT 
STA 
STA 
1X1 
O1~' 
"' 


.J!ll 
I 
1 
'N" 
'XI 
I 
'X 
, 
IN" 
'X 
, 
, 
,~- 
• 
6 
· 
· 


6 
1 
· 
• 


I~ 
BASEJ¢. 
BSE~~r 
I, BHC~f1 
lSL 


01R 
lSL~NH 
LSLX 
LSL 
LSL 
CLC'N" 
EOA 
, 
EOA",. 
EOA'XT 
EOA 
EOA 


llfl 


EOA 
I~ 
I 
1 
'N" 
'XI 
I 
'X 
, 
'X 
I 
'X 


'0 
7 
· 


6 
· 
· 
, 
6 
1 
1 
· 
• 
,2)1 
BACL~,". 
BCL~~r 
I, BHC~f1 
AOL 
01R 
1 ROL~NH 
ROLX 
AOL 
AOL 
SEC 
ADC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 


I 
'N" 
'XI 
I 
" 
I 
'N" 
1 
'MM 
1 
0'. 
3 
'XT 
3 
'x, , 
'X, , 
'x 
'00' 
'?. 
• 
6 
· 
· 


1 
6 
1 
• 


l~n 
BASE!,s. 
BSE1:~, 
I, 
BPL •• , 
DECO'A 
DECA 
DECX 
DEC 
DEC 
CLI 
OAA 
OAA 
OAA 
OAA 
OAA 
OAA 
A 


I 
IN" 
I 
'N" 
1 
,X> 
0 
" 


0 
INH , 
'MM , 
0'. 
3 
'XT 
3 
'X, , 
IX' , 
'X 
1010 
'0 
· 
· 
, 
ADD 


1~1 
BACL~T5. 
BCL~t 
I') 
BMIR", 
SEI 
ADD 
, 
ADD 
ADD 
ADD 
ADD 
B 


I 
'N" 
'MM 
D'A 
X' 
3 
'x, , 
'X, , 
'X 
1011 


°BASEJ~A 
· 


6 
· 
· 


1 
6 
1 
3 
• 
JMP 
3 
JMP 
,fm 
BSE~~c 
I, 
BM~" 
INCn1R 
INCA 
INCX 
INC 
INC 
RSP 
, 
JMP 
, 
JMP 
JMP 
C 
, 
'N" 
I 
'N" 
'Xl 
1 
'X 
1 
'N" 
"A 
,XT 
3 
'X , 
'X, 
, 
'x 
1100 
,~- 
· 


6 
· 
· 


6 
1 
, 
JSA 


1~1 
BACL~~A 
BCL~~c 
I, BM~" 
TST 
nlR 


TSTA 
TSTX 
, 
TST 
TST 
NOP 
aSAR'" 
JSA 
JSA 
JSA 
JSA 
0 


1 
'N" 
I 
ON" 
,x> 
, 
'X 
1 
'N" 
1 
0'. 
3 
'XT 
3 
'x, 
1 
'XI , 
'X 
1101 


'0 
7 
· 


,- 
LOX 
• 
LOX 


11E,0 
BASEJ!A 
BSE~~r 
I, 
BIL •• , 
LOX 
LOX 
LOX 
LOX 
E 


IMM , 
D'A 
3 
'XT 
3 
IX 
IX' 
, 
IX 
1110 


'gACLA7 
· 


6 
· 
· 


6 
,. 
STX 
6 
STX 


6 
, 
STX 
F 
BCLA7 
BIH 
CLA 
CLAA 
CLAX 
(LR 
CLR 
TXA 
STX 
STX 
F 


1111 
3 
OTO , 
osc , 
AEL , 
0'. 
I 
IN" 
0 
'N" 
1 
,x> 
0 
" 


I 
'N" 
1 
D'A 
3 
'X, 
3 
'x, , 
'XI 
1 
IX 
'11' 


Inherent 
Immediate 


Direct 


Extended 


Relative 


Bit 5etl Clear 


Bit 
Test 
and 
Branch 


Indexed 
INo 
Offset 
1 


Indexed, 
1 Byte 
IB-Bitl 
Offset 


Indexed, 
2 Byte 
116-Bill 
Offset 


, 
of 
Cycles 


Mnemonic 


Bytes 


The MCU uses ten different 
addressing 
modes to pro- 


vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, 
code con- 
version 
tables, 
and scaling tables anywhere 
in the mem- 


ory 
space. 
Short 
indexed 
accesses 
are 
single-byte 


instructions, 
while 
the longest 
instructions 
(three 
bytes) 


permit 
accessing 
tables throughout 
memory. 
Short 
and 
long absolute addressing 
is also included. Two-byte 
direct- 


addressing 
instructions 
access all data bytes in most ap- 
plications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions to reach all memory. 
The term "effective 
address" 
(EA) is used in describing 


the various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the 
address 
from 
which 
the argument 
for 
an 


instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 


tained 
in the byte immediately 
following 
the opcode. The 
immediate 
addressing 
mode is used to access constants 
that 
do 
not change 
during 
program 
execution 
(e.g., 
a 


constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct addressing 
mode, the effective 
address of 


the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows the user to directly 


address 
the lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two 
bytes following 
the opcode 
byte. Instructions 
with 
extended 
addressing 


mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with 
a single three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed 
byte (the offset) following 
the opcode is added 


to the PC if, and only 
if, the branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The 


span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the 8-bit 
index 


register. 
Thus, this addressing 
mode can access the first 


256 memory 
locations. 
These instructions 
are only 
one 
byte 
long. 
This 
mode 
is often 
used to move 
a pointer 


through 
a table 
or to hold 
the address 
of a frequently 
referenced 
RAM or 1/0 location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
8-bit 
offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
8-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode 
is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 


instruction, 
K would 
typically 
be in X with the address 
of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 


tables 
may begin anywhere 
within 
the first 256 address- 
able 
locations 
and could 
extend 
as far as location 
510 
($1 FE is the 
last location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16·BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
8-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This addressing 
mode can be used in a man- 
ner similar 
to indexed 
8-bit offset 
except that this three- 
byte instruction 
allows tables to be anywhere 
in memory. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 


opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Thus, 
any readl 


write 
bit in the first 
256 locations 
of memory, 
including 
1/0, can be selectively 
set or cleared 
with 
a single 
two- 
byte instruction. 


BIT TEST AND 
BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 


nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit to be tested, and its condition 
(set or clear), is included 


in the opcode. 
The address 
of the byte to be tested 
is in 


the single 
byte immediately 
following 
the opcode 
byte. 
The signed 
relative 
8-bit offset 
in the third 
byte is added 


to the PC if the specified 
bit is set or cleared 
in the spec- 


ified memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of 


any readable 
bit in the first 256 locations 
of memory. 
The 


span of branching 
is from 
- 125 to + 130 from the opcode 
address. 
The state of the tested 
bit is also transferred 
to 
the carry bit of the condition 
code register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the 
information 


necessary 
to execute 
the instruction 
is contained 
in the 


opcode. 
Operations 
specifying 
only the index 
register 
or 


accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 
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II 
For 
most 
applications 
PPORT<PINT 
and 
can 
be 
ne- 


glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Darlington 
bases 
or sink 
LED loads. 


An 
approximate 
relationship 
between 
PD and 
TJ 
(if 
PPORT is neglected) 
is: 


PD= K -;-(TJ + 273°C) 
(2) 


Solving 
equations 
(1) and 
(2) for K gives: 


K = PD ' (TA + 273°C) + HJA,PD2 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. 
K 


can be determined 
from 
equation 
(31 by measuring 
PD 
(at equilibrium) 
for 
a known 
TA Using 
this 
value 
of K, 


the values 
of PD and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
PCOin 
Vin 
V 


Self-Check Mode 
-0.3 
to + 15.0 


All Other 
-0.3 
to + 7.0 


Port A and C Source Current per Pin 
lout 
mA 
(One at a Time) 
10 


Operating Temperature 
Range 
TA 
"C 
MC6805S2P 
o to 70 


MC6805S2CP 
-40 
to +85 


Storage Temperature 
Range 
Tsto 
-55 
to +150 
°c 


Junction 
Temperature 
TJ 
°c 


Plastic Package 
150 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
6JA 
"CIVV 


Plastic (P Suffix) 
70 


The 
average 
chip-junction 
temperature, 
TJ' in °c can 
be obtained 
from: 


TJ=TA+(PD'8JA) 
(1) 
where: 


TA 
8JA 


PD 
PINT 
PPORT 


= Ambient 
Temperature, 
°c 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient,OCIW 


= PINT+ 
PPORT 


= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port 
Power 
Dissipation, 


Watts 
- 
User 
Determined 


This device contains circuitry to protect the 


inputs against damage due to high static volt- 
ages or electric fields: however, it is advised 
that normal 
precautions 
be taken to avoid 


application 
of any voltage higher than max- 


imum-rated 
voltages to this high-impedance 
circuit. For proper operation, it is recom- 
mended the Vin and Vout be constrained 
to 


the range VSS '" (Vin or Vout) '" VCc- Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either VSS or VCC)· 


TEST POINT 
~ r 30 pf (TOTAL) 


Figure 20. CMOS Equivalent 
Test Low (Port A) 


~ 


VDD~4.75V 


1.36 kll 


TEST 


POINT l' 30 pf (TOTALI 


Figure 22. Open-Drain Equivalent 


Test Load IPB1, PB2. and PB3) 


Figure 19. TTL Equivalent 


Test Load (Port BI 


Vcc 
~4.75 
V 


TEST 
MMD6150 


POINT 
DR EQUIV. 
2.26 kll 


30 pf 
24 kll 
MMD7000 


nOTAL) 
OR EQUIV. 


Figure 21. TTL Equivalent 
Test Load (Ports A and C) 
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ELECTRICAL CHARACTERISTICS 


IVCC~ +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA~TL 
to TH' unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 


RESET 14.75 '" VCC '" 5.75) 
4.0 
- 
VCC+0.7 
VCC '" 4.751 
VCC-0.5 
- 
VCC+0.7 


INT (4.75 '" VCC '" 5.75) 
4.0 
· 
VCC+0.7 


IVCC '" 4.75) 
VCC-0.5 
· 
VCC+0.7 
All Other 
2.0 
- 
VCC+0.7 


Input High Voltage Timer PCO 
VIH 
V 
PortlTimer 
Mode 
2.0 
- 
VCC+l.0 


Self-Check Mode 
9.0 
10.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
VSS 
- 
0.8 


INT 
VSS 
· 
1.5 
All Other (Except AID Inputs) 
VSS 
- 
0.8 


RESET Hysteresis Voltages (See RESETS) 
V 


"Out of Reset" 
VIRES + 
2.1 
- 
4.0 


"Into Reset" 
VIRES- 
0.8 
- 
2.0 


Standby Supply Voltage (INT2 Input Option) 
VSTBY 
3.0 
- 
5.75 
V 


Standby Current IINT2 Input Option) (VSTBY = 3.0 V) 
ISTBY 
- 
1.0 
5.0 
mA 


Power Dissipation - 
No Port Loading 
mW 


(VCC= 5.75 V, TA = O'CI 
PD 
- 
600 
830 


IVCC=5.75 V, TA= -40'C) 
PD 
- 
670 
890 


Input Capacitance IExcept Analog Inputs - 
See Notel 
Cin 
- 
10 
- 
pF 


Low Voltage Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
VLVI 
2.75 
3.75 
4.70 
V 


Input Current 
lin 
.,.A 


INT 
- 


IVin = 2.4 V to VCCI 
20 
50 


EXTAL 
- 


IVin ~ 2.4 V to VCC Crystal Optionl 
- 
- 
10 


~ 
= 0.4 V Crystal Optionl 
- 
-1600 
RESET 
-40 


IVin =0.8 VI 
- 
-50 
IExternal Charging Current) 


TBD = To Be Determined 


NOTE: Port D analog inputs, when selected, Cin=25 
pF for the first 5 out of 30 cycles. 


'This 
input Iwhen unused) floats to approximately 
2.0 V due to internal biasing. 
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SWITCHING 
CHARACTERISTICS 
IVCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA~lL 
to TH' unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
lose 
0.4 
- 
4.2 
MHz 


Cycle time (4/losc) 
tcvc 
0.95 
- 
10 
IJ.S 


INT, INT2, and TIMER Pulse Width 
tWL,tWH 
tcyc+ 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc + 250 
- 
- 


RESET Delay Time (External Capacitance = 1 IJ.F) 
tRHL 
- 
100 
- 
ns 


INT Zero-Crossing 
Detection Input Frequency 
liNT 
0.03 
- 
1 
kHz 
(lor ± 5° Accuracy) 


External Clock Input Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 


Oscillator 
Startup Time Crystal 
tsu 
- 
- 
100 
ms 


SPICL High Time 
tSPICLH 
4 
- 
- 
tcvc 


SPICL Low Time 
tSPICHL 
4 
- 
- 
tcvc 


SPICL Rise and Fall Time 
tsr, tSI 
- 
- 
1 
IJ.s 


SPID Input Data Setup Time 
tSDS 
2 
- 
- 
tcvc 


SPID Input Data Hold Time 
tSDH 
2 
- 
- 
tcvc 


SPICL to SPISS Lag Time 
tSStG 
4 
- 
- 
tcvc 


SPISS to SPICL Lead Time 
tSSLD 
4 
- 
- 
tcvc 


Start Bit to First Clock Lead Time 
tSTL 
1 
- 
- 
tcvc 


External Timer Input to Timer Change Time 
tpCT 
3 
- 
- 
tcvc 


Timer Change to Port B Toggle Time 
tTPB 
2 
- 
- 
tcvc 


INT2 to Timer A Load Time 
tlNTL 
3 
- 
- 
tcvc 


AID CONVERTER CHARACTERISTICS 


lVCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL 
to THl. unless otherwise 
noted 


Characteristic 
Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Non-Linearity· 
- 
- 
± 1/2 
LSB 
After 
removing 
zero-offset 
and full-scale 
errors 


Quantizing 
Error 
- 
- 
± 1/2 
LSB 


Conversion 
Range 
V 
AID accuracy may decrease proportionately 
as 
VRH 
- 
- 
VCC 
V 
VRH - VRL is reduced below 4.0 V. The sum 01 
VRL 
VSS 
- 
0.2 
VRH and VRL must not exceed VCC 


Conversion 
Time 
30 
30 
30 
tcvc 
Includes sampling time 


Monotonicity 
(Inherent within total error) 


Sample Time 
5 
5 
5 
tcvc 


Sample/Hold Capacitance, Input 
- 
- 
25 
pF 


Analog Input Voltage 
VRL 
- 
VRH 
V 
Transients 
on any analog 
lines are not allowed 
at any time 
during 
sampling 
or accuracy 
may 
be degraded 
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PORT ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc :to.5 Vdc, VSS=O Vdc, TA=TL 
to TH, unless otherwise 
noted) 


Characteristic 
I 
Symbol 
Min 
I 
Typ 
Max 
Unit 


Port A with CMOS Drive Enable 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, 'Load = -100 
ILA 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad = - 10 ILA 
VOH 
VCC-1.0 
- 
- 
V 


Input High Voltage, ILoad = - 300 ILA (max.) 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage, ILoad = - 500 ILA (max.) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to VccI 
IIH 
- 
- 
-300 
ILA 


Hi-Z State Input Current (Vin = 0.4 V) 
IlL 
- 
- 
-500 
ILA 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad = - 200 ILA 
VOH 
2.4 
8 
- 
V 


Darlington 
Current Drive (Source)*, Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
ILA 


Port C and Port A with 
CMOS Drive Disabled 


Output Low Voltage, ILoad ~ 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad ~ - 100 flA 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
flA 


Port D (Digital Inputs Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Current** 
lin 
- 
<1 
10 
flA 


*Not applicable 
if programmed 
to open-drain 
state. 
**PD4NRL 
- 
PD5NRH: 


The AID conversion 
resistor (15 kl! typical) is connected internally 
between these two lines, impacting 
their use as digital 
inputs 
in some applications. 
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The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 
MOOS, 
disk file 
MS-DOS/PC-DOS 
disk file 
EPROM(s) 
2532, 2732, or two 
each: 
2516/2716 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to 
first 
contact 
the local 
field 
service 
office, 
a sales 
person, 
or a Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MDOS® 
or MS®-DOS/ 


PC-DOS disk file). 
programmed 
with 
the customer's 
pro- 
gram 
(positive 
logic 
sense for address 
and data). 
may be 
submitted 
for pattern 
generation. 
In either 
case, the dis- 
kette should 
be clearly 
labeled 
with 
the customer's 
name, 
date, 
project 
or product 
name, 
and the 
name 
of the file 
containing 
the 
pattern. 
In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the 
pattern 
file. 


MOOS 
Disk File 


MOOS 
is Motorola's 
Disk Operating 
System 
available 
on the EXORciser® 
development 
system. 
The disk media 
submitted 
must 
be a single-side, 
single-density, 
8-inch 
MOOS compatible 
floppy 
diskette. 
The diskette 
must con- 
tain 
the 
minimum 
set of MOOS 
system 
files 
in addition 
to the 
pattern 
file. 
The 
.LO output 
of the 
M6805 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must be produced 
(using 
the ROLLOUT 
command) 
containing 
the absolute 
image 
of the M6805 
memory. 
Include 
the entire 
memory 
image 
of both 
data 
and 
program 
space. 
All 
unused 
bytes, 
in- 
cluding 
those 
in the user space, 
must 
be set to zero. 


MS-DOS/PC-DOS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM'" 
Personal 
Computer 
(PC) Disk Operating 
System. 
Disk media 
submitted 
must 
be a standard 
density 
(360K) 
double-sided 
51/4 
inch 
compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
object 
file 
code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


EPROMs 


An 
MC68705S3, 
2532, 2732, 
2516 (2). or 2716 (2) type 
EPROM(s). 
programmed 
with 
the 
customer's 
program 
(positive 
logic 
sense for address 
and data). 
may 
be sub- 
mitted 
for pattern 
generation. 
Since all program 
and data 
space 
information 
will 
fit on one 
MC68705S3/2532/2732 


or two 
2516/2716 
type 
EPROM(s), 
the EPROM(s) 
must 
be 
programmed 
as described 
in the following 
paragraph. 
For the 2532 or 2732, the ROM code should 
be located 
from 
$080 
to 
$FF and 
$9CO to $EFF, and 
the 
interrupt 
vectors 
from 
$FF8 to $FFF. For the 
2516s 
or 2716s, 
the 
ROM code should 
be located 
from 
$080 to $FF in the first 
EPROM and from 
$ICO to $6EF in the second 
EPROM. The 
interrupt 
vectors 
should 
be in the 
second 
EPROM 
from 
$7F8 to $7FF. 


xxx 


rn 


.-:::; 
Cl~ 
~;:o 
~~ 


S080 
$800 
S080 


VERIFICATION 
MEDIA 


All original 
pattern 
media 
(EPROMs 
or floppy 
disk) are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the contractual 
agreement 
for creation 
of the customer's 
mask. To aid in 
the verification 
process, 
Motorola 
will 
program 
customer 
supplied 
blank 
EPROM(s) 
or DOS disk from 
the data file 
used to create 
the custom 
mask. 


ROM 


Ten MCUs containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the 
custom 
mask 
but are for the 
pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are usually 
unmarked, 
packaged 
in ceramic, 
and tested 
at five 
volts 
and 
at room 
temperature. 
These 
RVUs are 
free 
with 
the 
minimum 
order 
quantity 
but 
are not 
pro- 


duction 
parts. 
These 
RVUs 
are 
not 
guaranteed 
by Mo- 


torola 
Quality 
Assurance. 


ORDERING 
INFORMATION 


The following 
table 
provides 
generic 
information 
per- 
taining 
to the package 
type, 
temperature, 
and 
MC order 
numbers 
for the MC6805S2. 


Package Type 
Temperature 
Order Number 


Plastic 
O°Cto 70°C 
MC6805S2P 
(P Suffix) 
-40°C to +85°C 
MC6805S2CP 


MOOS is a trademark 
of Motorola 
Inc. 
MS is a trademark 
of Microsoft, 
Inc. 
EXORciser is a registered trademark 
of Motorola 
Inc. 
IBM is a registered trademark of International 
Business Machines· Corporation. 


MOTOROLA 
MICROPROCESSOR 
DATA 


3·500 


VSS 
28 
NUM- 


PRESCALERl/PCO 
27 
EXTAL 


PRESCALER2IPCl 
26 
XTAL 


VSTBy/AN4/INT2IPD6 
25 
INTI 


VRH/PD5 
24 
VDD 


VRL/PD4 
23 
RESET 


AN3/PD3 
22 
PA7 


AN2/PD2 
21 
PA6 


ANI/PDl 
20 
PA5 


ANO/PDO 
19 
PA4 


SPISS/PBO 
18 
PA3 


SPICUPBl 
17 
PA2 


SPID/PB2 
16 
PAl 


SPID/PB3 
14 
15 
PAO 


NOTE: -Denotes Non User Mode (NUM) pin 


reserved 
for factory 
use only. 


This pin should be tied to VSS 
(GND ground). 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 


8-Bit Microcontroller Unit 


• 


The MC6805S3 
(HMOS) 
Microcontroller 
Unit 
(MCU) 
is a member 
of the MC6805 
Family 
of micro- 
controllers. 
This 
low cost 
MCU 
has parallel 
1/0 capability 
with 
pins 
programmable 
as either 
input 
or 
output. 
This 
publication 
contains 
condensed 
information 
on the MCU; 
for detailed 
information, 
re- 


fer to Advance 
Information 
8-Bit Microcontrollers 
(AD1997Rll 
or contact 
your 
local 
Motorola 
sales 
office. 


Refer to the block 
diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
Internal 
7-Bit Timer 
and 
15-Bit 
Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
I 0 


• 
Versatile 
Interrupt 
Handling 


• 
Bit Manipulation 


• 
Bit Test and 
Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
Self-Check 
Mode 


• 
3720 Bytes 
of ROM 


• 
104 Bytes 
of RAM 


• 
Serial 
Peripheral 
Interface 
(SPI) 


• 
Two 
8-Bit 
and One 16-Bit Timers 


• 
AID Converter 


PAO 


PAl 


PA2 


PA3 
ACCUMULATOR 
PROGRAM 


PM 
INDEX REGISTER 
COUNTER 
lOW 
PAS 
A 
CONDITION 
CODE 
PROGRAM 


PA6 
REGISTER 
COUNTER 


PA7 
STACK 
POINTER 
HIGH 


RESET 
CONTROL 
AlU 
INTI 


-----Q 
VOO 


--<> 
VSS 


XTAl :=E3=: 
<hI 
CLOCK 
EXTAL 
<h2 


ANOIPOO 


ANIIPAI 


AN2IP02 


AN31P03 


VRl 


VRH 


INT2i 
AN4 


VSTBY 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-502 


VCC and VSS 
Power 
is supplied 
to the microcontroller 
using 
these 
two 
pins. VCC is + 5.25 volts I :to.5M power, 
and VSS is 
ground. 


NUM 


This pin is for factory 
use only. It should 
be connected 
to Vss. 


INn, 
INT2 


These 
pins provide 
the capability 
for asynchronously 
applying 
an external 
interrupt 
to the MCU. Refer to IN- 


TERRUPTS 
for more 
detailed 
information. 


XTAL,EXTAL 


These pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 


nation, 
or an external 
signal (depending 
on user selected 


manufacturing 
mask option) 
is connected 
to these 
pins 


to provide 
a system 
clock. 


RC Oscillator 


With 
this 
option, 
a resistor/capacitor 
combination 
is 
connected 
to the oscillator 
pins as shown 
in Figure 
1(c). 


The relationship 
between 
Rand 
fosc is shown 
in Figure 
2. 


At-CUT 
PARALLEL 
RESONANCE 


CRYSTAL 


CO=7 
pF MAX. 


FRED. = 4.0 MHz!" 
CL = 24 pF 


RS = 40 OHMS 
MAX. 


EXTERNAL 


CLOCK 


INPUT 


(nL 
COMPATIBLE, 


LOW 
IMPEDANCE 


SOURCE) 


MCU 


EITHER 
CRYSTAL 


OR RC MASK 


OPTION 


8.0 


or 
7.0 
~ 
6.0 
>u 
a': 
5.0 
'"~ 
4.0 


'"a 
3.0 


~ 
~ 


2.0 


1.0 


,, 


..•.•.••...... 


Figure 2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


Crystal 


The circuit 
shown 
in Figure 1Ib) is recommended 
when 


using 
a crystal. 
The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 


mize output 
distortion 
and startup 
stabilization 
time. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL input 
with 
the XTAL input 
grounded, 
as shown 
in Figure 
1Id). 


MCU 


EXTAL 
(CRYSTAL 
MASK 


OPTION 


MCU 


(RESISTOR 
MASK 


OPTION) 


MCU 


27 
EXTAL 
(RESISTOR 
MASK 


OPTION) 


APPROXIMATELY 
10% to 25% 


ACCURACY 


EXTERNAL 
RESISTOR 


(EXCLUDES 
RESISTOR 
TOLERANCE) 


APPROXIMATELY 
25% to 50% 


ACCURACY 


TYPICAL 
tcyc 
= 1.25 fJ.S 


EXTERNAL 
JUMPER 


:IIOTE: 
The 
recommended 
CL value 
with 
a 4.0 
MHz 
crystal 
is 27 
pF, 
maximum, 
including 
system 
distributed 
capacitance. 
For 
crystal 


frequencies 
other 
than 
4 MHz, 
the total 
capacitance 
on each 
pin should 
be scaled 
as the 
inverse 
of the 
frequency 
ratio. 
For 


example, 
with 
2 MHz 
crystal, 
use 
approximately 
50 pF on 
EXTAL 
and 
approximately 
50 pF on 
XTAL. 
The 
exact 
value 
depends 


on the 
motional-arm 
para metes 
of the crystal 
used. 
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This option 
may be used with 
either 
RC or XTAL option 
selected. 


PCO, PC1 


These pins allow 
an external 
input to be used to dec- 
rement 
the 
internal 
timer 
circuit. 
Refer to TIMERS 
for 
additional 
information. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO-PA7, PBO-PB3, PCO-PC1, and 
PDO-PD6) 


Ports A. 8, and C are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data direction 
registers. 
Port D is a fixed 
input 
port and not controlled 
by any data register. 
Port D has up to four analog 
inputs 
or five via the mask option, 
plus two 
voltage 
reference 
inputs when the analog-to-~I 
(AID) converter 
is used 
(PD5IVRH, PD4IVRL) and an INT2 input. If the analog input 
is used, then 
the voltage 
reference 
pins 
(PD5IVRH and 
PD4IVRU 
must 
be used 
in the 
analog 
mode. 
Refer to 
PROGRAMMING 
for additional 
information. 


INPUT/OUTPUT 
PROGRAMMING 


Ports A, 8, and C are programmable 
as either input or 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). The port 
I/O programming 
is 
accomplished 
by writing 
the corresponding 
bit in the port 
DDR to a logic one for output 
and a logic zero for input. 


On reset, all DDRs are initialized 
to a logic zero state to 
put the ports in the input mode. The port output 
registers 
are not initialized 
on re;;et and should be written 
to before 
setting 
the DDR bits. 


Port D provides 
the multiplexed 
analog 
inputs, 
refer- 
ence voltages, 
and INT2. These lines are shared with the 
port 
D digital 
inputs. 
PDO-PD3 may always 
be used as 
digital 
or analog 
inputs. 
The VRL and VRH lines are in- 
ternally 
connected 
by the AID resistor. Analog 
inputs may 
be prescaled 
to attain 
the VRL and VRH recommended 
input voltage 
range. 


When programmed 
as outputs, 
the latched output 
data 
is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since the data 
read corresponds 
to the 
pin level 
if the 
DDR is an input 
(zero) and, also, to the 
latched 
output 
when 
the DDR is an output 
(one). Refer to Figure 
3 for 
typical 
port circuitry. 


PORT B TOGGLE 
CAPABILITY 


Port 80 and 81 registers 
have toggle 
capability 
at the 
timer 
underflow 
times. 
Under 
the 
control 
of the timer 
output 
cross-couple 
bit 
in the 
miscellaneous 
register 
(MRO), the overflow 
pulses 
from 
timer 
A, 8, and Care 
directed 
to port 
80 and 81 data registers. 
See Figure 4 
for port 8 configuration 
flow 
chart. 
An 
incoming 
toggle 
pulse 
on port 
80 is allowed 
to 
toggle 
the 
data 
register 
if port 
8 DCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming 
toggle 
pulse 
on port 81 is allowed 
to toggle 
the port 81 data register 


DATA 
DIRECTION 
REGISTER 
BW 


LATCH 
EO 
OUTPUT 
DATA 
BIT 


Data 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


0 
0 
0 
1 
1 
1 


X 
High-Z'" 
Pin 


*ODR is a write-only 
register 
and reads as all "ones". 
"Ports 
A (with 
CMOS 
drive 
disabled), 
B, and C are three-state 
ports. 
Port A has optional 
internal 
pullup 
devices 
to provide 
CMOS 
drive 
capability. 
See Electrical 
Characteristics 
tables 
for complete 
information. 
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MCU 


PBl 


s:0~0 
:l:J0 
~ 


SPI 
MSB 
PB3 


s: 
s: 
('; 
C') 
W 
:l:J 
(SPICRII 
en 
c:n 
0 
0Cl 
0 
"tI 
0 
Ul 
:l:J 
U'I 
0 
en 
(") 
TIMER OVERfLOW 
J"l.... 
Co) 
m 
MCU 


CIl 
CIl0 
:l:J 
C 
MCU 
l> 
~ 


SPI 


MCU 
MSB 
PBl 


'Toggle 
Enable 
B1 
ISPICR7'SPICR4'IPBO 
+ DDRBO!l·SPICR2·SPICR41·CLAQ 


•• A or B depends 
on 
(MAO) 


x Write 
Only 
Register 


• 


• 


under the following 
conditions 
governed 
by control 
bits 
in SPI control 
register 
and SPI clock arbitration 
flip-flop 
status. 


PB1 toggle 
enable = (SPICR7)·SPICR4· 
(PBO+ DDRBO) + SPICR2· 
SPICR4·CLAQ 
where: 
SPICR7 = SPI interrupt 
request 
bit 
SPICR4 = SPI operation 
enable 
bit 
SPICR2 = port 
B1 toggle 
enable/start 
bit 
CLAQ = clock arbitration 
flip-flop 
output 
When 
PB1 toggle 
enable 
is asserted, 
the MCU write 
to 
PB1 data register is inhibited. 
When SPI is not used, SPICR4 
and CLAQ are reset. Therefore, 
SPICR2 can directly 
con- 
trol 
the port 
B1 toggle 
capability. 
Port toggle 
capability 
allows 
action on port BOor B1 or both as a result of timer 
overflows. 
This method 
speeds up timer 
overflow 
to port 
service. A write to port BOor B1 data registers 
is inhibited 
while 
the individual 
port toggle 
enable 
is asserted. 


The port B OCR consists offour 
status bits (DCR4-DCR7) 
and four data direction 
bits (DCRO-DCR3). DCR4 is a tog- 
gle enable control 
bit for port BO.When cleared, the timer 
overflow 
pulse 
causes 
the 
data 
register 
on port 
BO to 
toggle. 
Port A has an 8-bit 
and port 
C has a 2-bit wide 
data direction 
register. 


The MCU is capable 
of addressing 
4096 bytes of mem- 
ory and I/O registers. 
The memory 
map is shown in Figure 
5. The locations 
consist 
of user ROM, self-check 
ROM, 
user RAM, eight timer 
registers, 
a miscellaneous 
register, 


two AID registers, 
two SPI registers, 
and I/O. The interrupt 
vectors 
are located 
from 
$FF8 to $FFF. 
The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes and increments 
during 
pulls. 


Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent it from 
being 
overwritten 
due to stacking 
from 
an interrupt 
or 
subroutine 
call. 


The MCU contains 
the 
registers 
described 
in the fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and results 
of arithmetic 
calcu- 
lations 
or data manipulations. 


7 
I 
A 


INDEX 
REGISTER 
(X) 


The index 
register 
is an 8-bit 
register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 


may be added to an 8- or 16-bit immediate 
value to create 
an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


7 
I 
X 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 12-bit register 
that contains 
the address 
of the next byte to be fetched. 


11 
8 
7 
0 
I 
PCH 
I 
PCl 
I 


STACK POINTER 
(SP) 


The stack pointer 
is a 12-bit register 
that contains 
the 
address 
of the next free location 
on the stack. During 
an 
MCU 
reset or the 
reset stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed 
onto the stack and 
incremented 
as data is pulled 
from 
the stack. 


The seven most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. 
Subroutines 
and interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 
mum). 
which 
allows 
the 
programmer 
to 
use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


11 
5 4 
0 
~spi 


CONDITION 
CODE REGISTER 
(CCI 


The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate 
the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program 
and specific 
actions 
can be taken 
as a result 
of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 


Half Carry (H) 


This bit is set during 
ADD and ADC operations 
to in- 
dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timers 
(A, B, and C). the external 
(INT1 
and 
INT2) 
interrupts, 
and 
the 
SPI interrupt 
are 
masked 
(disabled). 
If an interrupt 
occurs 
while 
this bit is 
set, the interrupt 
is latched 
and is processed 
as soon as 
the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that 
the result 
of the 
last 
arithmetic, 
logical, or data manipulation 
was negative 
(bit 
7 in the result 
is a logic one). 


Zero (Zl 


When 
set, this 
bit indicates 
that the 
result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 
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IBYTES! 
7 
6 
543 
2 
1 
IADDRESS! 


000 
SOOO 


1/0, AID, 
SPI, 


Time.." 
RAM 


1128 Bytes' 


127 
S07F 


128 
$t8) 


Pogo 
0 ROM 


1128 Bytes' 


256 
SOFF 


256 
S100 


~" 
~ 
Main 
ROM 
" 
13584 BV'es' 
~ 


Self-Chack 
Bootstrap 


ROM 


1248 Bytes' 


7 


Timers 
lA, e, C), 


SPI,INT2 


External 
INTl 


SWI 


Reset 


T4008 


7 
6 
5 
4 
3 
2 
1 
IADDRESS! 


$000 


$001 


$002 


$000 


$004 


$006 


$006 


$007 


SOO5 


$009 


$OOA 


$OOB 


SOOC 


$OOD 


$OOE 


$OOF 


SOlO 


SOli 


S012 


S013 


S014 


S015 


S016 


S017 


S018 


Port 
A 


Pan 
B 


Pan 
C 


Pan 
D 


Port 
A DOR- 


Pan 
B DCR" 


Port 
C DOR- 


Not 
Used 


Timer A 


Timer 
A Cont. 
Reg. 


Misc. 
Register 


Timer B Msa 


Timer 
B lSB 


Ttmer 
8 Cont. 
Reg. 


AID 
Control 


AID 
Result 


SPI Data 


SPI 
Control 


Prog. 
Cont. 
Reg. 


Timer 
C Capture 


Timer C Data 


T,mer C Control 


Not 
Used 


Not Used 


RAM 
1104 Bytes) 


Carry/Borrow 
IC) 


When set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 


last arithmetic 
operation, 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


MISCELLANEOUS 
REGISTERS 
(MR) $OA 


This 
register 
contains 
control 
and status 
information 
related to INT2, auxiliary 
counter, 
prescalers 
1 and 2, and 
timer 
overflow_ 


\ 


7 
6 
5 
4 
3 
2 
1 
IADDREssl 


SOlB 


User 
RAM 


(40 Bylesl 


Standby RAM· • 


116 Bytes) 


User 
RAM 


117 Bytes) 


Shared 
Slack 
RAM 


(31 Bytes) 


MA7 - 
INT2 Interrupt 
Aequest 
Bit 
If not 
masked 
by MAG, it causes 
an interrupt 
to the 


MCU, and if the I bit in the CCA is clear, the MCU will 
acknowledge 
the interrupt. 


1= Interrupt 
requested 
0= Interrupt 
not requested 


I 
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MR6 - 
INT2 Interrupt 
Request 
Mask 
1 = Inhibits 
INT2 inte~t 
request 
0= Does not inhibit 
INT2 interrupt 
request 
MR5 - 
Auxiliary 
Counter 
Status/Preset 
Bit 
If not masked 
by MR4, it will 
drive a switch 
to VSS 
on 
the RESET pin causing 
the MCU to reset. This bit may 
be used as an auxiliary 
counter 
preset 
bit. 
If MR5 is 
clear, 
a write 
of 
logic 
one 
will 
preset 
the 
auxiliary 
counter, 
and if set, a write 
of logic zero will 
preset the 
auxiliary 
counter. 
1 = Auxiliary 
counter 
overflow 
0= Auxiliary 
counter 
clear 
MR4 - 
Watchdog 
Control 
Bit 


This bit cannot 
be set via software. 
The watchdog 
timer 
can only 
be disabled 
by reset. 


1= Watchdog 
timer 
disabled 
O=Watchdog 
timer 
enabled 
MR3 - 
Prescaler 
1 Clear Bit 
Presets the contents 
of prescaler 
1 to $7F. 
1= Prescaler 
1 preset 
0= Prescaler 
1 not preset 
MR2 - 
Prescaler 
2 Clear Bit 
Presets the contents 
of prescaler 
2 to $7FFF. 
1 = Prescaler 
2 preset 
0= Prescaler 
2 not preset 
MR1 - 
Prescaler 
Cross-Couple 
Bit 
This bit controls 
the output 
of prescalers 
1 and 2 and 


directs 
them 
to either 
timer 
A or B clock inputs. 


1 = Prescaler 
1 feeds 
timer 
B clock 
input, 
and pres- 
caler 2 feeds timer 
A input 
0= Prescaler 
1 output 
is used as clock input for timer 
A, and prescaler 
2 output 
is used as clock input 
for timer 
B 


MRO - 
Port B Toggle 
Cross-Couple 
Bit 
This bit controls 
the overflow 
pulses 
of timers 
A and 
B and directs 
them 
to either 
port 
BO or B1. 


1 = Timer 
A overflow 
output 
is directed 
to port 
BO, 
and timer 
B output 
is directed 
to port 
B1 
0= Overflow 
output 
pulse of timer 
A is used as a port 
B1 data register 
toggle 
clock source, 
and timer 
B 
overflow 
output 
pulse is directed 
to port BOtoggle 
clock input 


The self check is initiated 
by connecting 
the 
MCU as 
shown 
in Figure 6 and then monitoring 
the output 
of port 
C (bit 0) for an oscillation 
of approximately 
7 Hz. The self- 
check program 
exercises the CPU, 1/0, RAM, ROM, timers, 
interrupts, 
analog-to-digital 
(AID) converter, 
and the aux- 
iliary 
counter. 


The RAM, ROM, and 4-channel 
AID test can be called 
by a user program. 
The timer 
test may 
be called 
if the 
timer 
input 
is the internal 
clock. 


CLOCK 
VCC 
RESET 


28 
---- 
+9V 
- - - - 
27 


VCC 
26 


25 


24 


23 


22 
AN2 
8 
21 
ANI 
PA5 
9 
20 
ANO 
PM 
10 
19 
RI =6 
kll 
PBO 
II 
18 
PA3 
R2 =3 kll 


PBI 
PA2 
R3 = 200 II 
12 
17 
R4 = 390 II 
PB2 
PAl 
Cl=22 
pF 
13 
16 
PB3 
PAO 
C2 = 1 ~F 
14 
15 
C3=0.1 
~F 
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The MCU can be reset four ways: 
(1) by initial 
power- 
up; (2) by the external 
reset input (RESET); (3) by a forced 
reset generated 
by the "watchdog" 
counter; 
and (4) by 
an optional 
internal 
low voltage 
detect circuit. The RESET 
input consists 
mainly 
of a Schmitt 
trigger 
that senses the 


line logic 
level. 
Figure 7 shows 
the MCU reset circuit. 


POWER·ON·RESET 
(POR) 


An internal 
reset is generated 
on power-up 
that allows 
the 
internal 
clock 
generator 
to stabilize. 
The power-on 
reset 
is used strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect any drop in the power supply 
voltage. 
A delay of tRHL milliseconds 
is required 
before 
allowing 
RESET input to go high. Connecting 
a capacitor 
to the RESET input (Figure 8) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic 
zero is applied 
to the 


RESET input 
for a period 
longer 
than one machine 
cycle 


(tcyel. Under this type of reset, the Schmitt trigger 
switches 
off at VIRES _ to provide 
an internal 
reset voltage. 


FORCED RESET 


If the auxiliary 
counter 
reset mask bit in the miscella- 
neous counter 
IMR4) is cleared 
and the auxiliary 
counter 
status 
bit (MR5) is set, as a result 
of counter 
overflow, 
a 
switch 
to VSS is turned 
on pulling 
the RESET pin low. A 


consequent 
voltage drop below VIRES - 
on RESET causes 
a reset, which 
in turn 
sets MR4. Switching 
to VSS when 
the RESET pin is turned 
off allows 
voltage 
to rise above 
VIRES +, after 
which 
the 
reset 
is released. 
RESET pin 
voltage 
variation 
occurring 
as a result of forced 
reset may 
be amplified 
externally 
in order to provide 
a reset to other 


peripheral 
circuits 
in the system. 
The reset output 
from 
the MCU is not TTL compatible. 


LOW-VOLTAGE 
INHIBIT 
(LVI) 


The optional 
low-voltage 
detection 
circuit 
causes a re- 
set of the MCU if the power 
supply 
voltage 
falls below 
a 


certain 
level (VLVI). The only requirement 
is that the VCC 
must remain 
at or below 
the VLVI threshold 
for one tcyc 
minimum. 


In typical 
applications, 
the VCC bus filter 
capacitor 
will 
eliminate 
negative-going 
voltage 
glitches 
of less than one 
tcyc. 
The output 
from 
the 
low-voltage 
detector 
is con- 


nected directly 
to the internal 
reset circuitry. 
It also forces 
the RESET pin low via a strong 
discharge 
device through 
a resistor. 
The internal 
reset is removed 
once the power 


supply 
voltage 
rises 
above 
a recovery 
level 
(VLVR) at 
which 
time 
a normal 
power-on 
reset occurs. 


110 kll 


TYP. 
RESET 
13 


II 
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The 
MCU 
can 
be interrupted 
seven 
different 
ways: 


through 
the external 
interrupt 
INn 
input 
pin, with 
the 
internal 
timer 
(either A or BI interrupt 
request, using the 
software 
interrupt 
instruction 
(SWII, 
SPI interrupt 
re- 
quest. external 
port D bit 6 (lNT2) input 
pin, or at reset. 


Interrupts 
cause the processor 
registers to be saved on 


the 
stack and the 
interrupt 
mask 
(I bit) 
set to prevent 


additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from the stack after which 


normal 
processing 
resumes. The stacking order is shown 
in Figure 9. 


n 
4 
• 


n-3 


n 
2 


n-1 


I 
CONDITION 
1 I 1 
CODE REGISTER 


ACCUMULATOR 


INDEX REGISTER 


1111 
I 


PCW 


PCL' 


PUSH 


·For subroutine 
calls, only PCH and peL are stacked. 


Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted, 
but are con- 


sidered"pending 
until the current 
instruction 
is complete. 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being operated 
on. 


When the current 
instruction 
is complete, 
the processor 


checks all pending 
hardware 
interrupts 
and, if unmasked 


(I bit clearl. 
proceeds 
with 
interrupt 
processing; 
other- 


wise, the next instruction 
is fetched and executed. Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status bit is cleared before unmasking 
the 


interrupt, 
then the interrupt 
is not latched. 


If both 
an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 10 for the reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


Each interrupt, 
except 
INT1, has a separate 
mask bit 


which 
must 
also be cleared, 
in addition 
to the I bit. for 


the MCU to acknowledge 
the interrupt. 
The INT2, timer 
A, timer 
B, timer 
C, and SPI interrupts 
each have their 
own 
independent 
mask bits contained 
in MR6, TACR6, 


TBCR6, TCOM, TCCM, and SPICR6. The interrupt 
routine 


must determine 
the source of the interrupt 
by examining 
the interrupt 
request 
bits, TACR7, TBCR7, MR7, TCOF, 


TCCF, and SPICR7. These bits must 
be cleared 
by soft- 


ware. 
The j"j\j'fI 
interrupt 
has its own 
vector 
address. 


Therefore, 
the 
INT1 
interrupt 
request 
is cleared 
auto- 


matically, 
and then the INT1 vector 
is serviced. 


EXTERNAL 
INTERRUPT 


The external 
interrupt 
is internall12.ynchronized 
and 
then latched 
on the falling 
edge of INT1 and INT~ear- 
ing the I bit enables 
the external 
interrupt. 
The INT2 in- 


terrupt 
has an interrupt 
request 
bit (bit 7) and a mask bit 


(bit 6) in the miscellaneous 
register 
(MR). The INT2 in- 
terrupt 
is inhibited 
when the mask bit is set. The INT2 is 


always 
read as a digital 
input 
on port 
D. The INT2 and 
timer interrupt 
request bits, if set, cause the MCU to proc- 


ess an interrupt 
when 
the condition 
code I bit is clear. 


The following 
paragraphs 
describe 
two typical 
external 


interrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal (fINT1 maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 11a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 


engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 


rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and, thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 
11bl. the INT1 pin can 


be driven 
by a digital 
signal. The maximum 
frequency 
of 
a signal that can be recognized 
by the TIMER or INT1 pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 


Refer to TIMER 
for additional 
information. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 


is zero, SWI executes 
after the other 
interrupts. 
The SWI 


execution 
is similar 
to the hardware 
interrupts. 


The MCU has four timers 
and two programmable 
pres- 


calers. The timers 
are identified 
as timer 
A. B, C, and the 


auxiliary 
counter. 
Refer to Figure 12 for timers 
A, B, and 


C block diagram. 
The following 
paragraphs 
described 
the 
different 
timers. 


TIMER 
A 


Timer A is an 8-bit programmable 
counter, 
which 
can 
be loaded 
under program 
control. 
Timer A also includes 


a modulus 
latch which 
allows 
the timer 
to be "auto-re- 


loaded." 
As clock inputs are received, timer A decrements 


toward 
$00. When 
$00 is reached, 
bit 7 in the timer 
A 
control 
register 
is set and the timer 
is reloaded 
with 
the 
contents 
of the modulus 
latch. An overflow 
condition 
is 
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also generated 
when value $00 is reached. This state can 
be used to toggle 
bit 0 or bit 1 of port B directly 
under 
the control 
of the miscellaneous 
register 
(MRO). the SPI 
control 
register, 
and the port 
B data direction 
register. 
Setting TACR6 orthe 
I bit in the condition 
control 
register 
will 
prevent 
timer 
interrupts 
from 
being 
processed. 
The 
timer 
interrupt 
request 
bit MUST be cleared by software. 


There are three ways 
of loading 
data from 
the modulus 
latch into timer A as described 
in the following 
paragrahs. 


of INT2 interrupt 
request 
bit (MR7) gated 
with 
interrupt 
request 
mask bit (MR6). If this loading 
is used, care must 
be taken in programming 
as it will start an interrupt 
serv- 


ice routine 
if the I bit in the CCR is clear. Loading 
$00 to 
timer A allows 
a countdown 
of 256 clocks before the next 
$00 state is reached. 


Direct 
Loading 


When the MCU writes 
to timer A data register, the data 
is latched by the modulus 
latch, and forced into the timer. 
This operation 
requires 
that TACR3 be cleared. 


Auto-Loading 


The modulus 
latch 
is automatically 
loaded 
when 
the 
timer 
reaches $00. This loading 
is dependent 
on the set- 


ting of TACR3. Auto-loading 
also occurs 
in both the pre- 


vious 
loading 
modes. 
Timer 
A can be read at any time 
without 
affecting 
the countdown 
of the timer. 
The timer 
and modulus 
latch are set to $FF on reset. 


Asynchronous 
External 
Event Loading 


When 
TACR3 is a logic one, the contents 
of the mod- 


ulus latch are transferred 
to the timer 
at the rising 
edge 


NOTE 


Loading 
$01 to timer 
A should 
be avoided 
when 
operating 
with 
a divide-by-one 
prescaler. 
Doing so 
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will 
inhibit 
timer 
A auto-loading, 
interrupt 
genera- 
tion, 
and 
port 
B toggle 
mechanisms. 


TIMER 
A CONTROL 
REGISTER 
$09 


6 
5 
3 


TACR7 
- 
Timer 
A Interrupt 
Request 
Flag 
1 = Timer 
A has transition 
to $00 


0= Software 
or reset cleared 
TACR6 
- 
Timer 
A Interrupt 
Request 
Mask 


1 = Interrupt 
request 
inhibited 
0= Interrupt 
request 
not inhibited 
TACR5 - 
External 
or Internal 
Bit 
1 = External 
clock 
source 
for prescaler 
1 


0= Internal 
clock 
source 
for 
prescaler 
1 
TACR4 
- 
External 
Enable 
Bit 
Control 
bit 
used 
to 
enable 
the 
external 
timer 
pin 


(PRESCALER1/PCO). 


TACR5 
TACR4 
Prescaler 1 Clock Source 


0 
0 
Internal Clock 


0 
1 
AND 
of 
Internal 
Clock 
and 


PRESCALER1/PCO' 


1 
0 
Inputs Disabled 


1 
1 
PRESCALERl/PCO' Low-to-High 
Tran- 


sition 


'The 
status of PRESCALER1/PCOdepends upon the data direc· 


tion status of PRESCALER1/PCO.If PRESCALER1IPCOis an out- 
put, then the clock source is equal to the port data register 
content, independent 
of the port electrical loading. If an input, 


then the clock source is the logic level of PRESCALER1PCO. 


TACR3 
- 
Timer 
A Load 
Mode 
Control 
1 =Asynchronous 
external 
event 
loading 
(lNT2 
dri- 
ven loading 
is enabled) 
O=Allows 
direct 
loading 
of timer 
A 


TACR2, TACR1, 
TACRO - 
Prescaler 
1 Division 
Ratio Con- 


trol 
Bits 


When 
set, these 
bits 
select 
one 
of eight 
possible 
out- 
puts 
on prescaler 
1. 


TACR2 
TACRl 
TACRO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
0 
32 


1 
1 
0 
64 


1 
1 
1 
128 


TIMER 
B 


This is a 16-bit timer 
which 
is accessed 
via two registers 
($OB for the most-significant 
byte (MSB) 
and $OC for the 
least-significant 
byte 
(LSB)). 
The 
MSB 
has a "pipeline" 


latch that 
allows 
a "snap 
shot" 
value 
of the entire 
16 bits 


to be read. 
Read/write 
operations 
to the 
LSB are direct. 


The LSB can be read 
at anytime 
without 
disturbing 
the 


count. 
When 
the 
LSB is read, 
the 
contents 
of the 
MSB 
are loaded 
into 
the 
pipeline 
latch 
so a read of the 
MSB 
is actually 
the contents 
of the 
latch. 


When 
writing 
to the LSB, the contents 
are immediately 


entered 
into 
the 
timer. 
At 
the 
same 
time 
the 
pipeline 


contents 
are forced 
into the MSB of the timer. 
This allows 


a 16-bit 
word 
to 
be placed 
into 
the 
timer 
data 
register 


during 
a LSB write 
operation. 
An underflow 
condition 
is 


also generated 
when 
value 
$00 is reached. 
This state can 
be used to toggle 
bit 0 or bit 
1 of port 
B directly 
under 
the control 
of the 
miscellaneous 
register 
(MRO). the SPI 


control 
register, 
and 
the 
port 
B data 
direction 
register. 


Setting 
TBCR6 or the I bit in the condition 
control 
register 


will 
prevent 
timer 
interrupts 
from 
being 
processed. 
The 
timer 
interrupt 
request 
bit MUST 
be cleared 
by software. 


TBCR7 - 
Timer 
B Interrupt 
Request 
Flag 


1 = Timer 
B has transition 
to $00 


0= Software 
or reset cleared 
TBCR6 - 
Timer 
B Interrupt 
Request 
Mask 


1 = Interrupt 
request 
inhibited 
0= Interrupt 
request 
not inhibited 


TBCR5 - 
External 
or Internal 
Bit 
1 = External 
clock 
source 
for 
prescaler 
2 
0= Internal 
clock 
source 
for prescaler 
2 


TBCR4 - 
External 
Enable 
Bit 


Control 
bit 
used 
to 
enable 
the 
external 
timer 
pin 
(PRESCALER2IPC1 
). 


TBCR5 
TBCR4 
Prescaler 2 Clock Source 


0 
0 
Internal Clock 


0 
1 
AND 
of 
Internal 
Clock 
and 


PRESCALER2PC,. 


1 
0 
Inputs Disabled 


1 
1 
PRESCALER2PCl' 
Low-to-High 
Tran- 
sition 


'The status of PRESCALER2PC1 depends upon the data direc- 
tion status of PRESCALER2PCl. If PRESCALER2PC1 is an out- 
put, then the clock source is equal to the port data register 
content, independent 
of the port electrical loading. If an input. 
then the clock source is the logic level of PRESCALER2/PC1. 


TBCR3, 
TBCR2, 
TBCR1, 
TBCRO - 
Prescaler 
2 Division 
Ratio 
Control 
Bits 
When 
set, these bits select one of eight 
possible 
output 


on prescaler 
2. 


TBCR3 
TBCR2 
TBCRl 
TBCRO 
Divide By 


0 
0 
0 
0 
1 


0 
0 
0 
1 
2 


0 
0 
1 
0 
4 
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TBCR3 
TBCR2 
TBCR1 
TBCRO 
Divide By 


0 
0 
1 
1 
8 


0 
1 
0 
0 
16 


0 
1 
0 
1 
32 


0 
1 
1 
0 
64 


0 
1 
1 
1 
128 


1 
0 
0 
0 
256 


1 
0 
0 
1 
512 


1 
0 
1 
0 
1024 


1 
0 
1 
1 
2048 


1 
1 
0 
0 
4096 


1 
1 
0 
1 
8192 


1 
1 
1 
0 
16384 


1 
1 
1 
1 
32768 


TIMER 
C 


Timer 
e is an 8-bit 
programmable 
down 
counter. 
The 
timer 
contains 
a modulus 
latch which 
allows 
the timer 
to 
be auto 
reloaded. 
The timer 
auto 
reloads 
with 
the con- 


tents 
of the modulus 
latch 
upon 
every 
$01 to $00 tran- 
sition. Timer e contains 
a capture 
register. 
This read-only 
register 
and the contents 
are refreshed 
by the contents 
of the data register 
during 
the capture 
instance. The timer 
can be written 
to at any time, 
and the contents 
of both 
the data register 
and modulus 
latch are updated 
imme- 


diately. 
The timer 
is set to $FF on reset. but the contents 
of the capture 
register 
are not valid until the first capture 
after reset. 


TIMER 
C CONTROL 
REGISTER 
$015 


6 


TeOF - 
Timer 
e Overflow 
Flag 
1= Tir.1er C has transition 
to $00 
0= Software 
or reset cleared 
TCoM 
- 
Timer 
C Interrupt 
Mask 
1= Interrupt 
request 
inhibited 
0= Interrupt 
request 
not inhibited 
TCCF - 
Timer 
C Capture 
Flag 
1 = Proper 
capture 
occurred 
on 
PRESCAlERl 
or 
PRESCAlER2. 
No new capture 
occurs 
when 
set 
0= Software 
or reset cleared 
TCCM - 
Timer 
C Capture 
Interrupt 
Request 
Mask 
1 = Inhibits 
interrupt 
request 
generated 
from 
TCCF 
0= Does not inhibit 
interrupt 
request generated 
from 
TCCF 
TCEG - 
Timer 
C Capture 
Edge Select 
1 = Selects 
rising 
edge 
of PCOor PCl 
to be capture 
instance 
0= Selects falling 
edge of PCO or PCl to be capture 
instance 
TCCS - 
Timer 
C Capture 
Source 
Select 
1= Select PRESCAlER2/PCl 
as capture 
source 
O=Select 
PRESCAlERl/PCO 
as capture 
source 


TCCll 
and TeClO 
- 
Timer 
C Clock Source 
Select 
Clock source 
selection 
is defined 
below. 


TCCl1 
Timer C Source 


0 
Internal Clock 


0 
Internal Clock 


1 
MRl Status' 


1 
MR1 Status' 


TCClO 
Timer B Source 


0 
Internal Clock 


1 
MR1 Status' 


0 
Internal Clock 


1 
MR1 Status' 


NOTES: 


1. 'Denotes prescaler 1 or 2 clock source depending on mis- 


cellaneous register bit 1 (MRl) status. 
2. MR1 bit cleared (logic zero) at reset. 


Prescaler 1 clock selected to timer A 
Prescaler 2 clock selected to timer Band C 


3. MR1 bit set Ilogic one): 


Prescaler 1 clock selected to timer Band C 
Prescaler 2 clock selected to timer A 
4. Prescaler 1 output determined 
by the status of Timer A 


control register bits 2,1, and 0 (TACR2,TACR1,and TACRO) 


5. Prescaler 2 output determined 
by the status of Timer B 
control register bits 3, 2,1, and 0 (TBCR3,TBCR2, TBCR1, 
and TBCROI 


PRESCALER 
1 


Prescaler 
1 is a 7-bit binary 
down 
counter 
whose 
value 
is selected 
by TACR2, TACR1, and TACRO. The selected 
output 
is used as the clock 
input 
to either 
timer 
A or B, 
depending 
upon the status of the prescaler 
cross-couple 
bit (MR1). The type of clock source to prescaler 
1 may be 
selected 
by TACR5 and TACR4. Prescaler 
1 is set to $7F 
at reset or under 
program 
control 
when 
a one is written 
to prescaler 
1 clear bit (MR3). 


PRESCALER 
2 


Prescaler 
2 is a 15-bit 
down 
counter; 
its value 
is se- 
lected 
by TBCR3, TBCR2, 
TBCR1, 
and TBCRO. The 
se- 
lected output 
is used as the clock input to either 
timer 
A 
or B, depending 
upon 
the status 
of the prescaler 
cross- 
couple 
bit (MR1). The type of clock source to prescaler 
2 
may be selected 
by TBCR5 and TBCR4. Prescaler 
2 is set 
to $7FFF at reset or under 
program 
control 
when 
a one 
is written 
to prescaler 
2 clear bit (MR2). 


AUXILIARY 
COUNTER 


This register 
is a fixed 
counter 
which 
is clocked 
by the 
internal 
clock (fosc divided 
by four). 
Total 
count 
period 
is 4095 cycles. The MCU communicates 
with this counter 
via the 
miscellaneous 
register 
(MR5 
and 
MR4). 
Count- 
down 
may be aborted 
at any time under program 
control, 


which 
also 
resets the 
counter 
to 4095 and clears 
MR5. 
When 
MR4 is clear and MR5 is set as a result of counter 
time 
out, the reset 
pin is internally 
pulled 
to ground. 
If 
the MCU loses control 
of the program, 
the "watchdog" 


timer 
will 
bring 
the 
MCU back to reset. 
Refer to Figure 
13 for counter 
operation 
diagram. 


The serial 
peripheral 
interface 
(SPI) has arbitration 
on 
the data and clock lines. The SPI communicates 
with the 
MCU via data 
and control 
registers. 
The 
SPI data 
and 
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clock 
inputs 
are always 
taken from 
their 
respective 
I/O 


ports, 
regardless 
of the status of the data direction 
reg- 


isters relative 
to that port. The SPI can operate 
in modes 
from auto clocked (NRZl. half duplex, 
and full duplex with 
from 
a one to a four wire 
combination. 
Refer to Figure 
14 for the SPI block diagram. 


This B-bit register 
contains 
the status and control 
bits 


relative 
to SPI operations. 
The SPI control 
reg ister op- 
eration 
is shown 
in Figure 15. The SPI control 
and status 
register 
bits can be set or cleared under program 
control. 
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SPICR7 - 
SPI Interrupt 
Request 
Bit 
Set on eighth 
data 
input 
strobe. 
MCU 
services 
this 
in- 


terrupt 
if I bit is clear 
in CCR. 
1 = Interrupt 
request 
(if SPICR6 not masked) 
0= No interrupt 
pending 
SPICR6 - 
SPI Interrupt 
Request 
Mask 
Bit 
1 = Disables 
interrupt 
request 
from 
SPICR7 
0= Enables 
interrupt 
request 
from 
SPICR7 
SPICR5 - 
SPI Clock 
Sense 
Bit/Bus-Busy 
Flag 
Dual-function 
bit controlled 
by the status 
of SPICR4. 
1 = Start 
SPI operation 
when 
SPICR4 = 1. Input 
data 
latched 
on positive 
edge and output 
data changed 
on negative 
edge 
of SPI clock 
when 
SPICR4 = O. 


0= Stop 
SPI operation 
when 
SPICR4 = 1. Input 
data 
latched 
on negative 
edge and output 
data changed 
on positive 
edge 
of SPI clock 
when 
SPICR4 = O. 


SPICR4 - 
SPI Operation 
Enable 
Bit 
This bit determines 
the functions 
of SPICR5 and SPICR2. 


1 = Enables 
SPI data 
register 
shifting, 
data and clock 
arbitration 
logic, 
and slave 
select 
input 
logic 
0= Disables 
SPI data register 
shifting, 
data and clock 
arbitration 
logic, 
and slave 
select 
input 
logic 
SPICR3 - 
SPI Data Output 
Select 
Bit 


1 = Output 
of the 
SPI data 
register 
is loaded 
to port 
B3 data register 
at the appropriate 
SPI clock 
edge 
selected 
by SPICR5, during 
the active 
transaction 
mode 


INTERRUPT 


REQUEST 
TO CPU 


0= Output 
of the 
SPI data 
register 
is loaded 
to port 
B2 data register 
at the appropriate 
SPI clock edge 
selected 
by SPICR5, during 
the active 
transaction 
mode 
SPICR2 - 
Mode 
Fault 
Flag 
Dual-function 
bit controlled 
by the status 
of SPICR4. 


1 = Start 
bit is set by negative 
transition 
of the data 
input 
of the SPI data shift 
register 
while 
the clock 
is at the 
idle 
level 
when 
SPICR4= 
1. Start 
bit set 
under 
program 
control 
to enable 
port B1 data reg- 


ister toggle 
facility 
when 
SPICR4 = O. 


0= Stop 
SPI operation 
when 
SPICR4= 
1. Cleared 
un- 


der program 
control 
when 
SPICR4=O. 


SPICR1 - 
Mode 
Fault 
Flag 
1 = (a) 
Mode 
flag 
is set when 
SPI data 
output 
arbi- 


tration 
occurs 
on the SPI data output 
port (PB3 


or PB2) selected 
by SPICR3. The 
MCU 
loses 


data mastership, 
and the SPI data output 
port 


DDR is cleared. 


(b) 
Mode 
flag 
is set if a low 
level 
is detected 
on 
slave 
input 
PBO. Then, 
the 
MCU 
loses 
clock 
mastership 
switching 
to the clock 
slave 
mode, 


and port 
B1 DDR is cleared. 


(c) Mode 
flag 
is set during 
the 
idle 
mode 
when 
a 


negative 
clock edge is detected 
on the SPI clock 
input, 
and the port 
B1 data 
register 
is cleared. 
0= Cleared 
under 
program 
control 
SPICRO - 
SPI Input 
Data Select 
Bit 
1 = SPI data from 
port 
B3 is latched 
into the SPI data 


register 
0= SPI data from 
port B2 is routed 
to the input 
of the 


SPI data 
register 
• 
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SPI DATA REGISTER 


This 
register 
can be written 
to any time 
and can also 


be read, regardless 
of serial operations, 
without 
disturb- 


ing the data. A one bit shift to the left occurs 
each time 


there 
is a data input 
strobe 
while 
the LSB is loaded with 
data from 
port 
B2 or B3. The MSB is loaded 
every time 


there is data output 
strobe. 
Data input and output 
strobes 
are generated 
internally 
only 
during 
the active 
transac- 


tion time. 


SPI DIVIDE-BY-EIGHT 
COUNTER 


The counter is cleared during SPI deselect or idle modes. 


A count 
occurs 
at every data input 
strobe 
during 
the ac- 


tive transaction 
mode. 
At overflow, 
SPICR7 is set which 
puts the SPI in idle mode 
and blocks 
all data input 
and 


output 
strobes. 
The counter 
is cleared when 
PBO is high 
if the SPI is in the slave mode or when a "start" 
condition 
is detected. 


SPI OPERATION 


The SPI can operate 
in a variety 
of modes. 
Software 
assisted 
protocols 
may be defined 
to upgrade 
the hard- 


ware versatility 
andlor 
system 
performance 
of the MCU. 


Some features 
common 
to all operating 
modes are sum- 


marized 
in Table 
1 and in the following 
paragraphs. 
1) SPI data input and output may be individually 
routed 


to or from 
PB2 or PB3 (Table 2). These four routings 


provide 
half and full duplex 
operations, 
as well as 
allowing 
bidirectional 
information 
to flow in daisy- 
chained 
systems. 


2) When 
data input 
and output 
is done on PB2, PB3 
is available 
for any other 
use and vice versa. 
3) Data input 
is always 
relative 
to the port 
pin logic 


level regardless 
ofthe 
data direction 
register status 
on that pin. 
41 In full duplex 
operation, 
16 bits of information 
may 
be transferred 
with 
eight 
clock pulses 
between 
at 


least two devices with transmit 
capability. 
Both PB2 


and PB3 are used for data transfer. 
The same shift 
register 
is used for data in and data out. The byte 


trallsrlJitted 
replaces 
the byte received. 
SPICR7 is 


used to signify 
that the 1/0 operation 
is complete. 


5) SPI clock is always 
provided 
on port B1. In the clock 
slave 
mode, 
port 
B1 DDR is in the 
input 
mode 
Icleared). 
In the clock master 
mode, 
port 
B1 DDR 
is set; therefore, 
the MCU imposes 
the clock level 
on PB1 until there 
is clock arbitration 
on the clock 


line or until the MCU loses clock mastership 
when 
PBO goes low. 


6) No fixed 
baud 
rate 
generation 
exists. 
The 
clock 
frequency 
is dependent 
on the 
prescaler 
clock 


source option, 
prescaler 
divide 
ratio, and timer 
di- 


vide 
ratio 
as well 
as the port 
C status 
in case of 
external 
clocking 
for the timer. Toggling 
of the port 
B1 data 
register 
is automatically 
allowed 
during 
the active transmission 
mode. 
7) All devices 
connected 
to the SPI must 
have their 


output 
and 
input 
data 
strobe 
on the 
same 
clock 
edge for correct 
transfer 
of data. 
8) During the active transmission 
mode, the first clock 


edge 
must 
be the output 
data strobe. 
When 
this 


occurs, the MSBs of the data registers 
of all trans- 


mitters 
are copied 
onto 
the data output 
pins, and 
the MCU copies 
the MSB of its SPI onto 
the port 
B2 or B3 data register. 


9) Port B data direction 
registers 
and port B data con- 


trol 
registers 
are accessible 
during 
SPI operation. 


During 
active transaction 
mode, the PB1 data reg- 


ister, PB2 data register 
(if SPICR3 = 0). and PB3 (if 
SPICR3 = 1) are not write accessible 
under program 
control. 


10) Port B lines not used for SPI can be used for other 
digital 
functions. 


SELECT INPUT OPERATION 


An external 
device 
supplies 
slave 
select 
information 


via port BO.If slave select is not used, set port BOto output 
mode to inhibit 
slave select function. 


The following 
paragraphs 
describe 
clock 
master 
and 
clock slave operating 
modes 
of the SPI. 


Master 
Mode 
Slave Select 
Actions 


The MCU monitors 
slave select input 
in master 
mode 
to assure that it stays false. If slave select goes true, the 
MCU exits 
master 
mode 
and becomes 
a slave. This im- 


plies that a write 
collision 
has occurred 
which 
means two 
devices 
attempted 
to become 
masters. 
Write 
collisions 


normally 
result 
from 
a software 
error, 
and the 
default 


master 
must clean up the system. 
The mode fault flag is 


set to signal 
that 
clock 
mastership 
is lost. 
Slave 
select 
actions 
can take place during 
either 
active 
or idle trans- 
action 
modes. 


Slave Select 
Input 
Actions 
During 
Slave Mode 


The current 
clock master 
generates 
slave select to en- 


able one of several 
slaves to accept 
or return 
data. The 


SS signal 
must 
go low 
before 
serial 
clock 
pulses 
occur 


and must 
remain 
low 
until 
after the eighth 
serial 
clock 
cycle. 
Individual 
lines or a daisy 
chain 
can be used for 


multiple 
slaves. When 
SS is high, the following 
occur: 


• 
Serial data output 
is forced to a high-impedance 
state 


without 
affecting 
the DDR status. 


• 
Serial 
clock 
input 
pulses 
are inhibited 
from 
gener- 


ating 
internal 
data output 
and input 
strobe 
pulses. 


• 
The eight-bit 
counter 
is cleared. 


SPI OPERATING 
MODES 


Six methods 
of operating 
the SPI are discussed 
in the 


following 
paragraphs. 


One-Wire 
Autoclocked 
Mode 


Various 
SPI devices can be connected 
on a single wire, 


with 
data transmission 
using an implicit 
clock, and each 
device 
being 
its own clock master. 


Two-Wire 
Half-Duplex 
Mode 


In this mode, separate 
data and clock lines connect 
the 


elements 
in the system. 
Data and clock mastership 
should 
be monitored 
via protocol 
included 
in the data patterns. 


A transmitter 
can send 
all zeros to take all other 
trans- 


mitters 
off the bus. 
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DEFINITIONS 
Transmitter - 
Data Master: DDRB2 or 3~ 1 
Receiver - 
Data Slave: DDRB2 or 3=0 
Clock Master: 
DDRBI = 1 
Clock Slave: DDRBI = a 
Transaction Mode: SPICR4= 1 
1) Active: SPICR7eIDDRBoePBo+ DDRBo)if DDRBI =0 (clock slave model or 


SPICR7eIDDRBoePBo+ DDRBo)if DDRBI = I Iclock master model 
Clock Pulses allowed, data shifted 


2) Idle: SPICR7+ DDRBQePBoif DDRBI = a Iclock slave mode) 


Clock pulses blocked, data output line in high-impedance state 


Deselect Mode: SPICR4~ a - No SPI Operations 


SLAVE SELECTINPUT 


Slave Select Input: SPISS - PBo 


If DDRBo= a then so SPISS action on MCU 


1) Master Mode: SPISS= I 
DDRBI = I 
SPISS I - 0: Switch to Slave Mode (DDRBI 1- 01 
Set SPICRI IMode Fault Flag) 


2) Slave Mode: SPISS=o 
DDRBI~o 


External clock is allowed to shift data In/out If SPISS IS pulled high, the external clock input pulses are Inhibited; 
no data shift; divide-by-eight counter cleared; SPID IPB2 or PB31switched to high-impedance state. 


Used as Chip-Select Input 


DATA ARBITRATION 
Data master loses data mastership when data collision occurs during internal data strobe time. 


Then SPICRI Imode fault flag) is set; SPID output port DDR IB2 or B3) I • a (high-impedance state). 


CLOCKARBITRATION 
MCU has clock mastership IOORBI ~ 1) 


1) Via SPISS line (DDRBo=ol.lf 
SPISS is pulled low, then clock mastership lost; ODRBII. 
a (high-impedance state); SPICRI 
is set Imode fault flagl. 


2) Via clock line SPICL (OORB1~ I and OCRB5= 01 
Condition: SPICL must have open-drain output IDCRB5= a) 


MODE FAULT FLAGEOPERATIONISPICR1) 


Flag set when 
any of the following 
conditions 
occur: 


Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching. 
Clock arbitration via clock line if SPICL 1• a during idle. 


START, STOP,AND CLOCKIDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be changed is defined 


as the SPI clock idle state. 
SPICR5=0· SPICL Idle= Low State 
SPICR5= I: SPICL Idle ~ High State 


NOTE 


Clock idle state can only be defined If SPICR4= a IDeselect Model 


Start Condition: Any negative transition of the data input line IPB2 or PB3) during an SPICL idle state. 
Stop Condition: Any positive transition of the data input line during an SPICL idle state. 


• 
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II 


Port 


Name 
Use 
Input 
Output 
Comments 


PBO 
SPISS 
Ves 
No 
Used 
as slave 
select 
input 


PBO 
Data 
No 
Ves 
Used 
as "busy" 
signal 
or 
any 
digital 


output 


PBl 
SPICL 
Ves 
No 
Clock 
slave 


PBl 
SPICL 
No 
Ves 
Clock 
master 


PB2 
SPID 
Ves 
No 
SPI data 
input 
SPICRO = 0 


PB2 
SPID 
No 
Ves 
SPI data 
output 
SPICR3 
= 0 


PB2 
Data 
Ves 
Ves 
Any 
digital 
signal 
SPICR3 
= 1 


PB3 
SPID 
Ves 
No 
SPI data 
input 
SPICRO = 1 


PB3 
SPID 
No 
Ves 
SPI data 
output 
SPICR3 
= 1 


PB3 
Data 
Ves 
Ves 
Any 
digital 
signal 
SPICR3 
= 0 


Three-Wire 
Half-Duplex 
Mode with 
Slave Select Input 


This mode is the same as the half-duplex 
mode except 
that 
the slave 
select 
input 
allows 
using 
the 
MCU as a 


peripheral 
in a system where clock mastership 
is passed 
through 
the slave select line. Typically, 
the slave select 


lines can be wired 
together. 
The current 
master 
sets its 


slave select line in the output 
mode prior to a serial trans- 


mission 
and pulls 
it low to indicate 
that the system 
is 


busy. This allows 
the clock master to retain 
mastership 


until 
the end of transmission. 
Software 
protocol 
can be 


arranged 
so that slaves do not request 
mastership 
until 


their slave select lines go high. At the end of a transmis- 
sion, the current 
master 
pulls 
SPISS high and puts the 
SPISS port (PBO) in the input 
mode. A slave requesting 


clock mastership 
pulls the SPISS line low, removing 
the 


current 
master from the line. Time multiplexed 
protocols 
may 
be required 
to avoid 
simultaneous 
mastership 
re- 
quests. 


Three-Wire 
Full-Duplex 
Mode 


This mode allows 
the MCU to operate 
simultaneously 


as transmitter 
and receiver. 
Bus or daisy-chain 
networks 


are feasible. 
Protocols 
in the data stream 
are required 
to 
change: 


• 
Clock masters 
• 
The number 
of transmitters 
in the system 
• 
The direction 
of data flow 
in daisy-chained 
systems 
with 
collision 
It is possible 
for the MCU to shift out one byte of data 
while 
receiving 
another, 
as illustrated 
in Figure 
16. This 
eliminates 
the need for XMIT EMPTY or REC FULL status 
bits. 


Three-Wire 
Full-Duplex 
Mode with 
Clock Arbitration 


This mode is a mix of the three-wire 
full-duplex 
mode 
and two-wire 
half-duplex 
mode 
with 
clock 
arbitration, 


where 
the SPI clock line operates 
as a wire-or. 
Simulta- 


neous 
masters 
are allowed, 
and clock arbitration 
is via 
the clock line. 


Four-Wire 
Full-Duplex 
Mode with 
Slave-Select 
Input 


This mode is similar 
to the three-wire 
full-duplex 
mode 


in network 
construction 
and to the three-wire 
half-duplex 


mode with slave-select 
input in clock arbitration 
and slave 
selection. 
Refer to Figure 
17. 


SLAVE SELECT 


CLOCK 


OATA 


---+- 


INFORMATION FLOW 


{ 


82=SPID 
IN 
83 = SPIC OUT 
{ 
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....• 
- ......• 


MCU 1 


....• 
- ......• 


~ 


MCU 2 


---- 
MCU 3 


{ 


SPID:PB2J3 
SPICL:PBl 


'HALF DUPLEX 
{ 
SPID:PD2/3 


WITH CLOCK ARBITRATION 
SPICL:PBl 


{ 


SPID:PB2/3 
SPICL:PBl 
SPISS:PBO 


{ 


SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PBl 


{ 


SPID IN:PB2J3 
SPID OUT:PB312 
SPICL:PBl 
SPISS:PBO 


The chip resident 
8-bit analog-to-digital 
(AID) converter 
uses a successive 
approximation 
technique 
as shown 
in 
Figure 
18. Four external 
analog 
inputs 
can be connected 
to the AID through 
a multiplexer 
via Port D. Four internal 
analog 
channels 
(VRH - VRL, VRH - VRL/2, 
VRH - VRL/4, 


and 
VRLl 
may 
be selected 
for calibration. 
The accuracy 


of these 
internal 
channels 
may 
not 
meet 
the 
accuracy 
specifications 
of the external 
channels. 
A fifth 
external 
analog 
input 
(AN4) is available 
via mask 
option. 
When 
selected, 
it replaces 
the VRH internal 
chan- 


nel. Due to signal 
routing, 
the accuracy 
of this fifth 
chan- 


nel may 
be slightly 
less than 
ANO-AN3. 


Multiplexer 
selection 
is controlled 
by the AID 
control 
register 
(ACR) bits 
0, 1, and 2. Refer to Table 
3 for 
mul- 
tiplexer 
selection. 
The ACR 
is shown 
in Figure 
18. The 


converter 
uses 3D machine 
cycles 
to complete 
a conver- 


sion 
of a sampled 
analog 
input. 
When 
the conversion 
is 


complete, 
the 
digital 
value 
is placed 
in the 
AID 
result 
register 
(ARRI: 
the conversion 
flag 
is set; selected 
input 
is sampled 
again; 
and 
a new 
conversion 
begins. 
When 
ACR7 
is cleared, 
the 
conversion 
in progress 
is aborted 


and the selected 
input, 
which 
is held 
internally, 
is sam- 
pled for five 
machine 
cycles. 


The converter 
uses VRH and VRL as reference 
voltages. 


An input 
voltage 
equal 
to or greater 
than 
VRH converts 


to $FF. An 
input 
voltage 
equal 
to or less than 
VRL, but 
greater 
than 
VSS, converts 
to $00. Maximum 
and 
mini- 


mum 
ratings 
must 
not 
be exceeded. 
Each analog 
input 


source 
should 
use VRH 
as the 
supply 
voltage 
and 
be 


referenced 
to 
VRL 
for 
the 
ratiometric 
conversion. 
To 


maintain 
full 
accuracy 
of 
the 
A/D, 
three 
requirements 
should 
be followed: 
(1) VRH should 
be equal 
to or less 


than VCc. (21 VRL should 
be equal 
to or greater 
than 
VSS 
but less than 
maximum 
specifications, 
and (3) VRH - VRL 


should 
be equal 
to or greater 
than 
4 volts. 


AID Control Register 
Input Selected 
AID Output 
(Hexl 


ACR2 
ACR1 
ACRO 
Min 
Typ 
Max 
a 
0 
a 
ANO 


0 
0 
1 
ANI 
a 
1 
0 
AN2 
a 
1 
1 
AN3 


1 
0 
0 
VRH" 
FE** 
FF** 
FF** 


1 
0 
1 
VRL' 
00 
00 
01 
1 
1 
0 
VRH/4' 
3F 
40 
41 


1 
1 
1 
VRH/2' 
7F 
80 
81 


'Internal 
(calibrationllevels 


"AN4 
may replace the VRH calibration channel if selected via mask 
option. 


• 
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D/A 


15 k (TYPI 


PD5IVRH 
PD4IVRL 


POD/AND 


POl/ANI 


PD2IAN2 


PD3/AN3 


INT2/PD6/AN4 


I-DF-8 
SELECT 
MULTIPLEXER 


AID 
CONTROL 
REGISTER 


A/D 


RESULT 
REGISTER 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 


erand 
is either 
the accumulator 
or the index 
register. 
The 
other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The 
jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) 
instructions 
have 
no register 


operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LOA 


Load X from Memory 
LOX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


DR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 


ister, 
modify 
or test 
its contents, 
and write 
the 
modified 


The AID has a built-in 
1/2 LSB offset 
intended 
to reduce 
the magnitude 
of the quantizing 
error to 
:!: 1/2 LSB, rather 
than 
+ 0, 
- 1 LSB with 
no offset. 
This 
implies 
that, 
ig- 


noring 
errors, 
the transition 
point 
from 
$00 to $01 occurs 
at 1/2 LSB above 
VRL. Similarly, 
the transition 
from 
$FE 


to $FF occurs 
1-1/2 LSB below 
VRH, ideally. 


The MCU 
has a set of 59 basic 
instructions 
which 
can 


be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 


resides 
in the first 
256 bytes 
of the memory 
space where 
all port registers, 
port DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An additional 
feature 
allows 
the 
soft- 


ware 
to test 
and 
branch 
on the 
state 
of any 
bit within 
these 256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 


struction. 
For test 
and 
branch 
instructions, 
the value 
of 


the bit tested 
is also placed 
in the carry bit ofthe 
condition 


code 
register. 
Refer to the following 
list for 
bit manipu- 


lation 
instructions. 


Function 
Mnemonic 


Branch IFF Bit n is Set 
BRSET n (n=D. 
.. 7) 


Branch IFF Bit n is Clear 
BRClR n (n=D. 
.. 7) 


Set Bit n 
BSET n In =0. 
.. 7) 


Clear Bit n 
BClR n (n~O. 
.. 7) 
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value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero (TST) 
instruction 
is an exception 
to the 
read-modify-write 
sequence 
since it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch IFF Higher 
BHI 


Branch IFF Lower or Same 
BLS 


Branch IFF Carry Clear 
BCC 


(Branch IFF Highel"or 
Samel 
IBHS) 


Branch IFF Carry Set 
BCS 


IBranch IFF Lower! 
IBLO) 


Branch IFF Not Equal 
BNE 


Branch IFF Equal 
BEQ 


Branch IFF Half Carry Clear 
BHCC 


Branch IFF Half Carry Set 
BHCS 


Branch IFF Plus 
BPL 


Branch IFF Minus 
BMI 


Branch IFF Interrupt 
Mask Bit is Clear 
BMC 


Branch IFF Interrupt 
Mask Bit is Set 
BMS 


Branch IFF Interrupt 
Line is Low 
BIL 


Branch IFF Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 


gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 
4 is an opcode 
map for the instructions 
used on 
the 
MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data tables, 
code 
con- 
version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single-byte 
instructions, 
while 
the 
longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and 
long absolute 
addressing 
is also included. 
Two-byte 
direct- 
addressing 
instructions 
access all data 
bytes 
in most 
ap- 
plications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach 
all memory. 


The term 
"effective 
address" 
lEA) is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


III the immediate 
addressing 
mode, 
the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access 
constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows 
the user to directly 
address 
the 
lowest 
256 
bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the two 
bytes 
following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode 
are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 
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• 


Bit 
ManiouLation 
Branch 
-- 
Read- Modify-Write 
, 


Control 
Reg •• ", I MomclfY 


T 
R 
I 
INH 
I 
IX 
IX 
INH 
01 
, 
IX 


~ 
:;., 
rl,o 
OO~l 
o~ 
01~1 
o~o 
01~' 
! 
8 
9 
I 


A 
B 
,[00 
1~1 
11~O 
1~1 
H'..------G;:. 


low 
axn 
1000 
'00' 
1010 
1011 


'SRSE:PB 
· 
· 


,. 
, 
, 
I; sU?MM 


, 
I' 
SUB 
• 
SUB 
:;., 
BsE~~c 
!, 
BRAREl 


NEG 
NEG 
NEG 
NEG 
• NEG 
RT! 
sUBn,. 
sU~XT 
SUB 


1X 


? 
~ 
,. , 
'"" 
, 
'"" 
ox' 
1 
" 
, 
'N" 
I, 
" 
, 
, 


'0 
7 
· 
, 
, 
5 
, 
5 
· 
1 
BRCl:P. 
BCl~~r 
SANR" 
RTs 
CMP 
CMP 
CMP 
CMP 
CMP 
CMP 
, 


000' 
, 
'N" 
, 
IMM , 
0'. 
J 
EXT 
J 
,x] I') 
IXI 
, 
" 
000' 
,~. 
7 
· 
, 
· 
, 
sBC 
• 
sBC 
2 
BRSEJi. 
BsE~~r 
BHIR" 
sBC 
sBC 
sBC 
sBC 
J.o 
0010 
.---- 
-,-- 
'MM , 
0'. 
3 
'XI 
3 
,x] , 
'XI 
, 
" 
1~. 
7 
· 
, 
· 
-,--- ,,- 
, 
· 
, 
CPX 
• 
CPX 
3 
BRCL:T'. 
BCL~;r 
BLS 
COM 
COMA 
COMI~M 
CClM 
COM 
$WI 
CPX 
CPX 


OIFi 
CP~)(T 
CPX 
c£l1 
0011 
• 
,. , 
'"" 
, 
'" 
, 
. , 
'"" 
, 
'MM , 
J 
3 
" 


, 
IXl 
, 
" 
'0 
7 
· 
, 
, 
· 
, 
· 


, 
AND 


5 
· 
4 
BRsEJl. 
BsE~~r 
BCC." 
lS~TR 
l$RA 
LsRX 
LsR 
lsR 
AND 
AND[)lk 
AN~XT 
7 
AND 
AND 
lIt, 
0100 
, 
'N" 
, 
'N" 


ox, 
, 
, 
'MM 
1 
3 
3 
" 
" 
1 
" 
I 
· 


7 
· 


5 
, 
, 
· 
5 
BRCL~l. 
, BCl~~r 
BCs." 
BIT 
RIT 
niR 
BIT 
, 
BIT 
, 
BIT •• 
BIT 
•• 
n;:', 
0101 
, 
M 
'XI 
" 
1 
, 
7 
· 
, 
· 
, 
n 
I 
, 
5 
, 
5 
· 
o~n 
BRsE:;. 
I , BsE1~r 
BNE." 
RoR 
RoRA 
RoRX 
RDR 
RDR 
lOA 
LOA 
LDA 
LOA 
, 
LOA 
lOA 
l~n 
,. , 
'"" 
, 
'N" 
'XI 
, 
" 
'MM , 
0'. 
3 
EXT 
3 
1)(2 
'XI 
1 
" 
, 
7_ 
· 
, 
, 
· 


, 
, 


I 


5 
sTA 
' 
sTA 
' 
sTA 
' 
sTA 
7 
BRCL~;. 
1 
, 
BCl~~r 
BEO 
ASA 


nlR 


ASRA 
ASRX 
AsR 
AsR 
'AX 
ST~xt 
7 


0111 
.Jill 
, 
'"" 
, 
'N" 
'XI 
, 
" 
, 
'"" 
6,. 
' 
" 


') 
IX1 
, 
" 


11' 
, 
· 
, 
· 
· 
, 
~-- 
7 
7 
· 
, 


, 
EOR 
• 


I~ 
BRsE::. 
I , BsE1~c 
BHC~El 
LSL 


01R 


LslA 
lSLX 
LsL 
LsL 
CLC,"" 
EO~MM 
, 
EDRD,. 
EDREXT 


EOR 
EaR 
B 
, 
'"" 
, 
'"" 


'XI 
, 
JL-+--- 
3 
3 
" 


, 
IXl 
, 
" 


1000 
'0 
7 
· 
, 
· 
· 


, 
, 
7 
7 
· 


5 
, 


, 
AOC · 
9 
BRCl:,". 
! , BCl~~c 
BHCs 
ROL 


01R 


ROLA 
ROlX 
RoL 
ROL 
sEC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 
1001 
• 
, 
'"" 
, 
'"" 


;X\ r+--- 
-"---+ 
, 
'"" , 
'MM , 
0'. 
3 
EXT 
3 
,x] , 
'XI 
, 
" 


100' 


I '¥lRsEJ 


T 
5 


7 
· 
, 
· 
· 


, 
, 
, 
· 


, 
ORA 
' 
ORA 
• 
ORA 
A 
I , BsE~t 
BPlR" 
DECo,. 
DECA 
DECX 
DEC 
DEC 
Cli 
ORA 
ORA 
ORA 
A 
I' 
1 
'"" 
, 
'"" , 
ox,+'-- 
" 
, 
'"" , 
'MM , 
0'. 
J 
'XI 
3 
'" , 
'XI 
, 
" 
1010 


10 
7 
· 
· 


, 
ADD 
' 
ADD 
• 
ADD 
B 
BRCLR5 
• , BCL~~r 
BMI 
sEI 
ADD 
ADD 


01R 


ADD 
B 


1011 
3 
., 
• 
,-- --- 
, 
'N" 
'MM 
1 
3 
EXT 
3 
'" , 
'" 
, 
" 


1011 


'BRSEJ~A 
· 
.-- · 
· 
, 
3 
. 


, 
JMP 
• 
> 
JMP 
lfm 
, BsE~~r 
BMC 
? 
INCnlR 
INCA 
INCX 
INC 
'NC 
RsP 
JMP 
JMP 
JMP 
C 
• 
, 
'"" 


, 
'"" 
1 
'XI 
, 
.!!- - 
, 
'"" 
1 
0'. 
3 
EXI 
3 
,X] 
1 
'" 
, 
" 


1100 


'BRCl~~. 
· 
, 
· 
· 


7 
, 
, 
• 
, 
JsR 
I' 
JsR 
0 
, BCL~~r 
BMs 
TsT 
TsTA 
TSTX 
Tsl 
151 
NOP 
BsR 
JsR 
JsR 
JsR 
19, 
"' 
• 


, 
nlR 
, 
'"" 
, 
'"" 
'XI 
, 
" 
, 
'"" 
1 
BEl 
1 
01. 
3 
'XI 
3 
OX, , 
'XI 
, 
" 
10 
7 
· 
· 


o 
LOX 
5 
LOX · 
E 
BRsE:;. 
7 BsE1~r 
Bil 
lOX 
lOX 
lOX 
LOX 
E 


11' 
• 
1 
'MM 
1 
0'. 
3 
EXT 
3 
" 


J 
IX1 
, 
" 


1110 


10 
· 
, 
· 
· 
, 


5 
sTX 
, 


, 
sTX 
F 
BRCLR7 
BeLA] 
BIH 
ClR 
CLRA 
(lAX 
(lR 
CLR 
lXA 
sTX 
sTX 
sTX 
F 


1111 
3 
.T. , 
.sc , 
.El , 
0'. 
1 
'N" 
, 
INH 
1 
,,' 
, 
" 
, 
INH 
1 
0'. 
J 
EXT 
J 
,X] , 
'" 
, 
" 


11\\ 


Inherent 
Immediate 


Direct 


Extended 


Relative 


Bit Setl Clear 


Bit 
Test 
and 
Branch 


Indexed 
(No 
Offset! 


Indexed. 
1 Byte 
18-Bitl 
Offset 


Indexed. 
2 Byte 
116-Bit! 
Offset 


# of 
Cycles 


Mnemonic 


Bytes 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed byte (the offset) following 
the opcode is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the 8-bit index 
register. 
Thus, this addressing 
mode can access the first 
256 memory 
locations. 
These instructions 
are only 
one 
byte 
long. 
This 
mode 
is often 
used to move 
a pointer 
through 
a table 
or to hold the address 
of a frequently 
referenced 
RAM or I/O location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
8-bit 
offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
8-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this two-byte 
instruction, 
K would 
typically 
be in X with the address of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 
tables 
may begin anywhere 
within 
the first 256 address- 
able locations 
and could 
extend 
as far as location 
510 
($1FE is the 
last location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, the ef- 
fective address is the sum of the contents 
of the unsigned 
8-bit index register 
and the two unsigned 
bytes following 


ner similar 
to indexed 
8-bit offset except that this three- 
byte instruction 
allows tables to be anywhere 
in memory. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Thus, any read/ 


write 
bit in the first 
256 locations 
of memory, 
including 
1:0, can be selectively 
set or cleared 
with 
a single 
two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct addressing 
and relative 
addressing. 
The 
bit to be tested, and its condition 
(set or clear!. is included 
in the opcode. 
The address 
of the byte to be tested 
is in 
the single 
byte immediately 
following 
the opcode 
byte . 
The signed 
relative 
8-bit offset in the third 
byte is added 
to the PC if the specified 
bit is set or cleared in the spec- 
ified memory 
location. 
This single three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of 
any readable bit in the first 256 locations 
of memory. 
The 
span of branching 
is from 
- 125 to + 130 from the opcode 
address. The state of the tested 
bit is also transferred 
to 
the carry bit of the condition 
code register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the. 


opcode. 
Operations 
specifying 
only the index register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 
• 
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• 
For 
most 
applications, 
PPORT<PINT 
and 
can 
be ne- 


glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Oarlington 
bases 
or sink 
LEO loads. 


An 
approximate 
relationship 
between 
Po 
and 
Tj 
(if 
PPORT is neglected) 
is: 


PO=K.;-(Tj+273"CI 
(2) 


Solving 
equations 
(11 and (2) for K gives: 


K = Po 
0 (TA + 273"C) + HjAOP02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. 
K 


can be determined 
from 
equation 
(3) by measuring 
Po 


(at equilibrium) 
for 
a known 
TA 
Using 
this 
value 
of K, 


the values 
of Po and Tj can be obtained 
by solving 
equa- 


tions 
(1) and (2) iteratively 
for any value 
of TA 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to +7.0 
V 


Input Voltage 
PCOin 
Vin 
V 
Self-Check Mode 
-0.3 
to + 15.0 
All Other 
-0.3 
to + 7.0 


Port A and C Source Current per Pin 
lout 
mA 


(One at a Time) 
10 


Operating Temperature 
Range 
TA 
"C 


MC6805S3P 
o to 70 
MC6805S3CP 
-40 
to +85 
MC6805S3VP 
-40 
to + 105 


Storage Temperature 
Range 
Tsto 
- 55 to + 150 
"C 


Junction 
Temperature 
TJ 
"C 
Plastic Package 
150 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
HJA 
"CW 
Plastic (P Suffix) 
70 


The average 
chip-junction 
temperature, 
Tj, 
in "C can 
be obtained 
from: 
Tj=TA+(POOHjA) 
(1) 


where: 


TA 
HjA 


Po 
PINT 
PPORT 


= Ambient 
Temperature, 
"C 


= Package 
Thermal 
Resistance, 
junction-to-Ambient, 
"C/W 


= PINT + PPORT 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Oissipation, 


Watts 
- 
User Oetermined 


This 
device 
contains 
circuitry 
to protect 
the 
inputs against damage due to high static volt- 


ages 
or electric 
fields; 
however, 
it is advised 


that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of any voltage higher than max- 


imum-rated 
voltages to this high-impedance 
circuit. 
For 
proper 
operation, 
it 
is 
recom- 


mended the Vin and Vout be constrained 
to 


the range VSS '" (Vin or Vout) '" VCc- Reli- 
ability 
of operation 
is enhanced 
if unused 
in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either VSS or VCC). 


TEST POINT 
~ I30 pf nOTAL) 


Figure 
20. CMOS 
Equivalent 
Test 
Low 
(Port 
A) 


--J 


VCC = 4.75 V 


1.36 k!l 


TEST 


POINT l' 30 pf nOTAL) 


Figure 
22. Open-Drain 
Equivalent 


Test 
Load 
(PB1, PB2, and PB3) 


Figure 
19, TTL Equivalent 
Test 
Load (Port 
B) 


Figure 
21. TTL Equivalent 
Test 
Load 
(Ports 
A and C) 
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ELECTRICAL CHARACTERISTICS 


(VCC~ +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL 
to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input. High Voltage 
VIH 
V 
RESET (4.75"" 
VCC "" 5.75) 
4.0 
- 
VCC+0.7 


VCC "" 4.75) 
VCC-0.5 
- 
VCC+0.7 


INT (4.75 "" VCC "" 5.75) 
4.0 
. 
VCC+0.7 
(VCC "" 4.75! 
VCC-0.5 
. 
VCC+0.7 


All Other 
2.0 
- 
VCC+0.7 


Input High Voltage PCO 
VIH 
V 


PortlTimer 
Mode 
2.0 
- 
VCC+1.0 


Self-Check Mode 
9.0 
10.0 
15.0 


Input Low Voltage 
VIL 
V 


RESET 
VSS 
- 
0.8 


INT 
VSS 
" 
15 


All Other (Except AID Inputs! 
VSS 
- 
0.8 


RESET Hysteresis Voltages (See RESETS! 
V 


"Out of Reset" 
VIRES + 
2.1 
- 
4.0 


"Into Reset" 
VIRES- 
0.8 
- 
2.0 


Standby Supply Voltage (INT2 Input Option) 
VSTBY 
3.0 
- 
575 
V 


Standby Current (INT2 Input Option! (VSTBy~3.0 
V) 
ISTBY 
- 
1.0 
5.0 
mA 


Power Dissipation - 
No Port Loading 
mW 
(VCC=5.75 V, TA=O·C) 
Po 
- 
600 
830 


(VCC=5.75 V, TA= -40·C) 
Po 
- 
670 
890 


Input Capacitance (Except Analog Inputs - 
See Note) 
Cin 
- 
10 
- 
pF 


Low Voltage Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
VLVI 
2.75 
3.75 
4.70 
V 


Input Current 
lin 
flA 


INT 


(Vin = 2.4 V to VCCI 
- 
20 
50 


EXTAL 


(Vin ~ 2.4 V to VCC Crystal Option! 
- 
- 
10 


~=0.4 
V Crystal Option) 
- 
- 
-1600 


RESET 


(Vin=0.8 
VI 
-4.0 
- 
-50 
(External Charging Current! 


TBD = To Be Determined 
NOTE: Port 0 analog inputs, when selected, Cin = 25 pF for the first 5 out of 30 cycles. 
"This input (when unused) floats to approximately 
2.0 V due to internal biasing. 
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~VVIIl;HINu 
CHARACTERISTICS 
IVCC= .,.5.25 Vdc :to.5 Vdc, VSS=O Vdc, TA=TL 
to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
losc 
0.4 
- 
4.2 
MHz 


Cycle time 14/loscl 
tcvc 
0.95 
- 
10 
I'-s 


INT, INT2, and TIMER Pulse Width 
tWL,tWH 
tcyc+250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc+ 250 
- 
- 


RESET Delay Time IExternal Capacitance = 1 I'-F) 
tRHL 
- 
100 
- 
ns 


INT Zero-Crossing 
Detection Input Frequency 
liNT 
kHz 
(lor'" 
50Accuracy) 
0.03 
- 
1 


External Clock Input Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 


Oscillator Startup Time Crystal 
tsu 
- 
- 
100 
ms 


SPICL High Time 
tSPICLH 
4 
- 
- 
tcvc 


SPICL Low Time 
tSPICHL 
4 
- 
- 
tcvc 


SPICL Rise and Fall Time 
tsr, tSI 
- 
- 
1 
I'-s 


SPID Input Data Setup Time 
tSDS 
2 
- 
- 
tcvc 


SPID Input Data Hold Time 
tSDH 
2 
- 
- 
tcvc 


SPICL to SPISS Lag Time 
tSStG 
4 
- 
- 
tcvc 


SPISS to SPICL Lead Time 
tSSLD 
4 
- 
- 
tcvc 


Start Bit to First Clock Lead Time 
tSTL 
1 
- 
- 
tcyc 


External Timer Input to Timer Change Time 
tpCT 
3 
- 
- 
tcvc 


Timer Change to Port B Toggle Time 
tTPB 
2 
- 
- 
tcvc 


INT2 to Timer A Load Time 
tlNTL 
3 
- 
- 
tcvc 


AID CONVERTER 
CHARACTERISTICS 


IVCC= +5.25 Vdc :to.5 Vdc, VSS=O Vdc, TA=TL 
to TH' unless otherwise 
noted) 


Characteristic 
Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Non-Linearity· 
- 
- 
:t 1/2 
LSB 
After removing zero-offset and lull-scale errors 


Quantizing 
Error 
- 
- 
:t 1/2 
LSB 


Conversion 
Range 
V 
AID accuracy may decrease proportionately 
as 
VRH 
- 
- 
VCC 
VRH-VRL is reduced below 4.0 V. The sum 01 
VRL 
VSS 
- 
0.2 
VRH and VRL must not exceed VCC 


Conversion 
Time 
30 
30 
30 
tcvc 
Includes sampling time 


Monotonicity 
Iinherent within total error) 


Sample Time 
5 
5 
5 
tcvc 


Sample/Hold Capacitance, Input 
- 
- 
25 
pF 


Analog Input Voltage 
VRL 
- 
VRH 
V 
Transients on any analog lines are not allowed 
at any time 
during 
sampling 
or accuracy 
may 


be degraded 
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PORT ELECTRICAL CHARACTERISTICS 


(VCC= +5.25 Vdc ±0.5 Vdc. VsS=O Vdc. TA=Tl 
to TH. unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A with CMOS Drive Enable 


Output low Voltage. Iload = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage. Iload= 
-100 ••A 
VOH 
2.4 
- 
- 
V 


Output High Voltage. Iload= 
-10 
fi-A 
VOH 
VCC-1.0 
- 
- 
V 


Input High Voltage. Iload = - 300 ••A (max.) 
VIH 
2.0 
- 
VCC+0.7 
V 


Input low Voltage. Iload = - 500 ••A (max.) 
Vll 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to VCC) 
IIH 
- 
- 
-300 
••A 


Hi-Z State Input Current (Vin = 0.4 V) 
III 
- 
- 
-500 
••A 


Port B 


Output low Voltage. Iload = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output low Voltage. Iload = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage. Iload = - 200 ••A 
VOH 
2.4 
8 
- 
V 


Darlington Current Drive (Source)'. Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input low Voltage 
Vll 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
••A 


Port C and Port A with CMOS Drive Disabled 


Output low Voltage. Iload = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage. Iload = -100 ••A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input low Voltage 
Vll 
VSS 
- 
08 
V 


Hi-Z State Input Current 
ITsl 
- 
<2 
10 
••A 


Port D (Digital Inputs Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input low Voltage 
Vll 
VSS 
- 
0.8 
V 


Input Current** 
lin 
- 
<1 
10 
••A 


'Not 
applicable if programmed to open-drain state. 
"PD4NRl 
- 
PD5NRH: 


The AID conversion resistor (15 klltypical) 
is connected internally between these two lines. impacting their use as digital inputs 
in some 
applications. 
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ORDERING INFORMATION 
The following 
information 
is required 
when 
ordering 
a 


custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 
MOOS, 
disk file 
MS-DOS/PC-DOS 
disk file 
EPROM(s) 
2532, 2732, or two 
each: 
2516/2716 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to 
first 
contact 
the local field 
service 
office, 
a sales person, 
or a Motorola 
representative. 


flEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MDOS® 
or MS®-DOS/ 


PC-DOS disk file), 
programmed 
with 
the customer's 
pro- 
gram 
(positive 
logic 
sense for address 
and data), 
may be 


submitted 
for 
pattern 
generation. 
In either 
case, the dis- 
kette should 
be clearly 
labeled 
with 
the customer's 
name, 


date, 
project 
or product 
name, 
and the 
name 
of the file 


containing 
the 
pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the 
pattern 
file. 


MOOS 
Disk File 


MOOS 
is Motorola's 
Disk Operating 
System 
available 
on the EXORciser' 
development 
system. 
The disk media 
submitted 
must 
be a single-side, 
single-density, 
8-inch 
MOOS compatible 
floppy 
diskette. 
The diskette 
must con- 
tain 
the 
minimum 
set of MOOS 
system 
files 
in addition 
to the 
pattern 
file. 


The .LO output 
of the 
M6805 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must be produced 
(using 
the ROLLOUT 
command) 
containing 
the absolute 
image 
of the M6805 
memory. 
Include 
the entire 
memory 
image 
of both 
data 
and 
program 
space. 
All 
unused 
bytes, 
in- 
cluding 
those 
in the user space, 
must 
be set to zero. 


MS-DOS/PC-DOS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM' 
Personal 
Computer 
(PC) Disk Operating 
System. 
Disk media 
submitted 
must 
be a standard 
density 
(360K), 


double-sided 
51/4 
inch 
compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
object 
file 
code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and linkers 
on IBM PC style 
machines. 


EPROMs 


An MC68705S3, 
2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), 
programmed 
with 
the 
customer's 
program 


(positive 
logic 
sense 
for address 
and data), 
may 
be sub- 
mitted 
for pattern 
generation. 
Since all program 
and data 
space 
information 
will 
fit on one 
MC68705S3/2532/2732 
or two 
2516/2716 
type 
EPROM(s), 
the EPROM(s) 
must 
be 
programmed 
as described 
in the following 
paragraph. 


For the 2532 or 2732, the ROM code should 
be located 
from 
$080 to $EFF and 
the 
interrupt 
vectors 
from 
$FF8 
to $FFF. For the 
2516s 
or 2716s, 
the 
ROM 
code 
should 
be located 
from 
$080 to $7FF in the first EPROM and from 
$0 to $6EF in the second 
EPROM. 
The interrupt 
vectors 
should 
be in the second 
EPROM 
from 
$7F8 to $7FF. 


xxx 
~ 
o~ 
>--~ 
~ 
~~ 
~~ 
iG 


S080 
S800 
S080 


VERIFICATION 
MEDIA 


All original 
pattern 
media 
(EPROMs 
or floppy 
disk) are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the contractual 
agreement 
for creation 
of the customer's 
mask. 
To aid in 
the verification 
process, 
Motorola 
will 
program 
customer 
supplied 
blank 
EPROM(s) 
or DOS disk from 
the data file 
used to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the 
custom 
mask 
but are for the 
pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are usually 
unmarked, 
packaged 
in ceramic, 
and 
tested 
with 
five volts 
and at room 
temperature. 
These 
RVUs are 
free 
with 
the 
minimum 
order 
quantity 
but 
are not 
pro- 


duction 
parts. 
These 
RVUs 
are not 
guaranteed 
by 
Mo- 
torola 
Quality 
Assurance. 


ORDERING 
INFORMATION 


The following 
table 
provides 
generic 
information 
per- 
taining 
to the 
package 
type, 
temperature, 
and 
MC order 
numbers 
for the MC6805S3. 


Package Type 
Temperature 
Order Number 


Plastic 
O°Cto 70°C 
MC6805S3P 


(P SuHix) 
- 40°C to + 85°C 
MC6805S3CP 


- 40 to + 105°C 
MC6805S3VP 


MOOS is a trademark 
of Motorola 
Inc. 


MS is a trademark 
of Microsoft. 
Inc. 


EXORciser is a registered trademark of Motorola 
Inc. 


IBM is a registered trademark 
of International 
Business Machines Corporation. 
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PIN ASSIGNMENT 


vss I I. 
28 
NUM 


PRESCALER1/PCD I 2 
27 
EXTAL 


PRESCALER2/PCl 
26 
XTAL 


VSTBy/AN4/INT2IPD6 
25 
INTI 


VRH/PD5 
24 
VDD 


VRL/PD4 
23 
RESET 


AN3/PD3 
22 
PA7 


AN2/PD2 
21 
PA6 


AN1/PDI 
20 
PA5 


AND/PDD 
10 
19 
PM 


SPISS/PBD I 11 
18 
PA3 


SPlCUPB1 I 12 
17 
PA2 


SPIDiPB2 I 
13 
16 
PAl 


SPID/PB3 I 
14 
15 
PAD 
• 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC6805U2 
(HMOS) 
Microcontroller 
Unit (MCU) is a member 
of the M6805 Family 
of micro- 


controllers. 
This low cost and high-speed 
MCU has parallel 
1/0 capability 
with 
pins programmable 


as input 
or output. 
This publication 
contains 
condensed 
information 
on the MCU; for detailed 
infor- 
mation, 
refer to M6805 
HMOS, 
M146805 
CMOS 
Family 
User's 
Manual 
(M6805UM(AD2)) 
or contact 
your 
local Motorola 
sales office. 
Refer to the block diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit Prescaler 


• 
On-Chip 
Oscillator 


• 
Memory 
Mapped 
1/0 


• 
Versatile 
Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
2048 Bytes of ROM 


• 
64 Bytes of RAM 


• 
Self-Check 
Mode 


• 
24 Bidirectional 
1/0 Lines 


PAC 
PAl 
Accumulator 


Port 
PA2 
Port 
Data 
CPU 
A 
PA3 
A 
Dor 
Control 
Index 
110 
PA4 
Reg 
Reg 
Register 
PDQ 


LInes 
PA5 
X 
POI 
PA6 
Condition 
PD2 
Port 
PAl 
PD3 
° 
Code 
Input 
Register 
PD4 
CC 
CPU 
PD5 
Lines 


Stack 
PD6/ffilT2 


POinter 
POl 
PBC 
5 
S 
PBI 
Program 
Port 
PB2 
Port 
Data 
Counter 
B 
PB3 
B 
Dor 
110 
HIgh 
PC 
ALU 
PB4 
Reg 
Reg 
Lines 
PB5 
Program 
PB6 
Counter 
PBl 
Low 
PCC 
PCl 


Data 
Port 
PC2 
Port 


Dor 
C 
PC3 
C 


Reg 
Reg 
PC4 
110 
PC5 
lines 
PC6 
PCl 
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Vcc 
AND VSS 


Power 
is supplied 
to the 
microcontroller 
using 
these 


two 
pins. VCC is + 5.25 volts 
(:!: 0.56.) power, 
and VSS is 
ground. 


NUM 


This pin is not for user applications 
and must 
be con- 


nected to VSS. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
an external 
interrupt 
to the MCU. Refer to INTER- 
RUPTS for more 
detailed 
information. 


EXTAL,XTAL 


These 
pins provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
(depending 
upon 
selected 
manufacturing 
mask option) 
is connected 
to these 
pins 


to provide 
a system 
clock. 


RC Oscillator 


With this option, 
a resistor 
is connected 
to the oscillator 
pins 
as shown 
in Figure 
1. The relationship 
between 
R 
and fosc is shown 
in Figure 2. 


Cl 


EXTAl 
~~XTAl 


5 
~E---J 
6 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 


Co= 7 pF Max 
F,eq. = 4.0 MHz @ Cl = 24 pF 
AS = 50 ohms Max 


PiezoelectriC 
ceramiC 
resonators 
which 


have 
the 
equivalent 
speclflCatlOnS 
may 
be 
used Instead of crystal OSCIllators Follow 
ceramic resonator manufacturer's sug~ 
gestlons for Co, C 1. and A S values 


Ex.lernal 


Clock 
Input 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using a crystal. 
Using an external 
CMOS oscillator 
is rec- 
ommended 
when 
crystals 
outside 
the 
specified 
ranges 
are to be used. The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 


mize output 
distortion 
and startup 
stabilization 
time. 
Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VCC 


specifications. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL input 


with 
the XTAL 
input 
connected 
to ground, 
as shown 
in 
Figure 
1. This option 
may only 
be used with 
the crystal 
oscillator 
option 
selected 
in the mask option 
register. 


TIMER 


This 
pin 
is used 
as an external 
input 
to control 
the 
internal 
timer/counter 
circuitry. 
This 
pin 
also 
detects 
a 
higher voltage 
level used to initiate 
the self-test 
program 
. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO-PA7, PBO-PB7, PCO-PC7, PDO- 
PD7) 


These 32 lines are arranged 
into four 
B-bit ports 
(A, B, 


C, and 0) Ports A, B, and C are programmable 
as either 


Approximately 25% to 50% Accuracy 


Typical lCyc= 1 25 ~s 


External 
Jumper 


Approximately 
10% 
to 25% 
Accuracy 


IExeludes 
ReSI$IQr 
Tolerance) 


External 
ResIstor 


NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 
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is set to input. 
This port write 
may 
be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since 
the 
data 
read corresponds 
to the 
pin 
level 
if the 
DDR is an input (zero) and also to the latched output 
when 
the DDR is an output 
(one). Refer to Table 1 for 1/0 func- 
tions 
and to Figure 
3 for typical 
port circuitry. 


Data 
Latch 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi-Z' 
Pin 


'Port Band C are three-state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


The MCU is capable 
of addressing 
4096 bytes of mem- 
ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The locations 
consist 
of user 
ROM. self-check 
ROM, 
user RAM, a miscellaneous 
register 
(MRl. timer 
registers, 
and 1/0. The interrupt 
and reset vectors 
are located 
from 
$FFB to $FFF. 
The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes 
and increments 
during 
pulls. 
Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent 
it from 
being 
overwritten 
due 
to stacking 
from 
an interrupt 
or 
subroutine 
call. 


Figure 
2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


inputs 
or outputs 
under 
software 
control 
of the data di- 
rection 
registers. 
Port 
D is a fixed 
input 
port 
and 
not 
controlled 
by any data register. 
Port D bit 6 shares input 
signal 
INT2. which 
is used for external 
interrupts. 
Refer 
to PROGRAMMING 
for additional 
information. 


INPUTIOUTPUT 
PROGRAMMING 


Ports A, S, and C are programmable 
as either 
input 
or 
output 
under software 
control 
of the corresponding 
write- 
only direction 
register 
(DDR). Port D lines are input only. 
The port 1/0 programming 
is accomplished 
by writing 
the 
corresponding 
bit in the port DDR to a logic one for output 
and 
a logic 
zero for 
input. 
On reset. 
all the 
DDRs are 
initialized 
to a logic zero state to put the ports in the input 
mode. 
The 
port 
output 
registers 
are not 
initialized 
on 
reset 
and should 
be written 
to before 
setting 
the 
DDR 
bits. 
When programmed 
as outputs, 
the latched output 
data 
is readable 
as input data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
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r 


S<XXl 
110 
Ports 
Timer 


Page Zero 
RAM 
Access 
with 
127 
(128 Bytes) 
S07F 


Short 
128 
SOOO 


Instruct,ons 
255 
Page-Zero 
User ROM 
(128 Bytes) 


$OFF 


256 
SI00 


Not Used 
\ 


11728 
Bytes) 


1983 
S7BF 


1964 
S7CO 


Main 
User 


ROM 


(1912 
Bytes) 


3895 
$F37 


3896 
SF38 


Self-Check. 


ROM 


(192 Bytes) 


4007 
- - - - 


SFF7 
'".,~I§. 


$FF8 


Timer Interrupt 


SFF9 
----- 
$FFA 


External 
Interrupt 


SFFB 
Vectors 
4092 
SFFC 


SWI 
$FFO 
4093 
4094 
SFFE 


4095 
RESET 
SFFF 


Port A Data Register 
$(XX) 


Port B Data Register 
$001 


Port C Data Register 
$002 


Port 0 Data Register 
SOO3 


PortADDR* 
S(X)4* 


Port BOOR- 
$(X)5* 


Port C DOA- 
$006- 


Not Used 
$007 


Timer Data Register 
~ 


Timer 
Control 
Register 


Miscellaneous 
Register 


Not Used 


REGISTERS 


The MCU contains 
the registers 
described 
in the fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and results 
of arithmetic 
calcu- 
lations 
or data manipulations. 


INDEX 
REGISTER 
(X) 


The index 
register 
is an 8-bit 
register 
used for the in- 


dexed 
addressing 
mode. 
It contains 
an 8-bit value 
that 
may be added to an 8- or 16-bit immediate 
value to create 
an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is an 12-bit register that contains 
the address 
of the next byte to be fetched. 


10 
8 
7 
I 
PCH 
I 


STACK POINTER 
(SP) 


The stack pointer 
is a 12-bit register 
that contains 
the 
address 
of the next free location 
on the stack. During 
an 
MCU reset or the reset stack pointer 
(RSPI instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed onto the stack and 
incremented 
as data is pulled from 
the stack. 
The seven most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. Subroutines 
and interrupts 


may be nested 
down 
to location 
$061 (31 bytes 
maxi- 
mum), 
which 
allows 
the 
programmer 
to use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


11 
5 
4 
0 


~~ 
s_p 
1 


CONDITION 
CODE REGISTER 
(CC) 


The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate 
the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program, 
and specifications 
can be taken as a result of 
their 
state. Each bit is explained 
in the following 
para- 
graphs. 


4 
0 


~ 


Half Carry (H) 


This bit is set during 
ADD and ADC operations 
to in- 


dicate that a carry occurred 
between 
bits 3 and 4. 
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Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result 
is a logic one). 


Zero (Zl 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


CarrylBorrow 
(C) 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit (ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


The self-check 
is initiated 
by connecting 
the MCU as 
shown 
in Figure 5 and then monitoring 
the output 
of port 


+525V 
10 .••F 


~ 
~ 


~;:; 


10 k 


+ lOV 
LEO 
'" 


5100 


LEO 
~ 
10 


LEO ~ 
100 


LEO 
~ 
100 


C (bit 
3) for 
an oscillation 
of approximately 
7 Hz. The 
fOllowing 
test are executed 
automatically: 
1/0 - 
Functionally 
exercise 
1/0 ports. 


RAM - 
Walking 
bit test. 


ROM - 
Exclusive 
OR with 
ODD "'s" 
parity 
result. 


Timer - 
Functionally 
exercise 
timer. 


Interrupts 
- 
Functionally 
exercise 
external 
and timer 
interrupts. 


The RAM and ROM can be called by a user program. 
The 
timer 
test may be called 
if the timer 
input 
is the internal 
clock. Table 2 shows 
the status of the LEOs as a result of 
a failure. 
Port C is tested 
only 
once 
(just after 
reset). 
If 
port C fails, 
no lights 
will 
appear. 


Table 2. Self-Check 
Error Patterns 


LED Meanings 


PCO 
PC1 
PC2 
PC3 
Remarks (1:LED ON; 0: LED OFF) 


1 
0 
1 
0 
Bad 110 
0 
0 
1 
0 
Bad Timer 


1 
1 
0 
0 
Bad RAM 
0 
1 
0 
0 
Bad ROM 
1 
0 
0 
0 
Bad AID 
0 
0 
0 
0 
Bad Interrupts 
or Request Flag 
All Flashing 
Good Device 


6 
XTAL 


7 NUMIN/CI •• 


e 
TIMER 


9 peo 


10 PCl 


11 pe2 


12 PC3 


13 PC4 


14 pes 


15 pe6 


16 PO 


17 PO] 


18 PD6lliNnl 


19 PD5 


PA7 40 


PA6 
39 


PAS 38 


PA.4 37 


PA3 J6 


PA2 
35 


PAl 
34 


PAD 33 


PB7 
32 


PB6 
31 


PBS 
30 


PB4 
29 


PB3 
28 


PB2 
2J 


PBl 
26 


PBO 2S 


PDO 24 


POl 
23 


P02 
22 


P03 21 


• This connection 
depends on clock 
osclllalOf 
user selectable mask option. 
Use jumper illhe 
RC mask option 
ISselected . 


• -For 
the MC1i8::6R2/Mct!8:tiU2 
pin 7.5 not lot user applICation and must be connected 
to VSS. For the M~R3/MC6EIQ)U3 
pin 7 
IS not connected 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-536 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET),and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 


POWER-aN-RESET 
(PORI 
An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions 
and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 


EXTERNAL 
RESET INPUT 
The MCU is reset when a logic zero is applied to the 
RESETinput for a period longer than one machine cycle 
(level. Under this type of reset,the Schmitt trigger switches 
off at VIRES_ to provide an internal reset voltage. 


LaW·VaLTAGE 
INHIBIT 
(LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (VLVI).The only requirement is that the VCC 


must remain at or below the VLVI threshold for one tcyc 
minimum. 


In typical applications, the VCC bus filter capacitor will 
eliminate negative-going voltage glitches of lessthan one 
teyc. The output from the low-voltage 
detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESETpin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLVR) at 
which time a normal power-on reset occurs. 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt 
request, (3) using the software 
int~t 
instruction (SWll. or (4) the external port D bit 
6 (INT2) input pin. 
Interrupts cause the processor registers to be saved on 
the stack and the interrupt 
mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 7. 
Unlike RESET, hardware interrupts 
do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


POR 
Delay 
Capacitor 


1 I 
1 
I 
1 
I 
Condition 
Code 
Register 


Accumulator 


Index 
Register 


1 T 
1 
I 
1 
I 
1 I 
PCW 


PCl' 
::: j 
n+" 


n+5 


Push 


• For 
subroutine 
calls. 
only 
PCH 
and 
peL are 
stacked. 


• 
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NOTE 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being 
operated 
on. 


interrupt 
request 
is generated. 
The actual 
processor 
in- 
terrupt 
is generated 
only 
if the interrupt 
mask bit of the 
condition 
code register 
(CCR) is also cleared. 
When 
the 
interrupt 
is recognized, 
the current 
state of the machine 
is pushed 
onto the stack, and the I bit in the CCR is set 
masking 
further 
interrupts 
until 
the present 
one is serv: 
iced. The contents 
of the timer 
interrupt 
vector, 
contain- 
ing the location 
of the timer 
interrupt 
service 
routine, 
is 
then 
loaded 
into the program 
counter. 
At the end of the 
timer 
interrupt 
service 
routine, 
the software 
normally 
ex- 
ecutes an RTI instruction 
which 
restores the machine 
state 
and starts executing 
the interrupted 
program. 


When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardware 
interrupts 
and, if unmasked 
(I bit clear), 
proceeds 
with 
interrupt 
processing; 
other- 
wise, the next instruction 
is fetched and executed. 
Masked 


interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status bit is cleared 
before unmasking 
the 
interrupt, 
then the interrupt 
is not latched. 
If both 
an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 
ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same 
as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 
8 for the reset and interrupt 
instruction 
processing 
sequence. 


EXTERNAL 
INTERRUPT 


The external 
interrupt 
is intern~ 
synchronized 
and 
then latched on the falling 
edge of INT and INT2. Clearing 
the I bit enables the external 
interrupt. 
The INT2 interrupt 
has an interrupt 
request 
bit (bit 7) and a mask bit (bit 6) 


in the miscellaneous 
register 
(MR). The INT2 interrupt 
i 


inhibited 
when 
the 
mask 
bit is set. The 
INT2 is always 
read as a digital 
input 
on port 
D. The 
INT2 and time 


TIMER INTERRUPT 


If the timer 
mask bit (TCR6) is cleared, 
each time 
the 
timer 
decrements 
to zero (transitions 
from $01 to $00) an 
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interrupt 
request 
bits, if set, cause the MCU to process 
and interrupt 
when 
the condition 
code I bit is clear. The 
following 
paragraphs 
describe 
two 
typical 
external 
in- 
terrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal 
(fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 9a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and thereby 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 9b), the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
freque~of 
a 
signal 
that 
can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 


Refer to TIMER for additional 
information. 


SOFTWARE 
INTERRUPT (SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 
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is zero, SWI executes 
after the other 
interrupts. 
The SWI 
execution 
is similar 
to the hardware 
interrupts. 


The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit 
prescaler. 
The timer 
source 
is 
made during 
manufacturing 
as a mask option. 
The 8-bit 
counter 
may 
be loaded 
under 
program 
control 
and 
is 
decremented 
toward 
zero. When the timer 
reaches zero, 
the timer 
interrupt 
request 
bit (bit 7) in the timer 
control 
register 
(TCR) is set 
Refer to Figure 
10 for timer 
block 
diagram. 
The timer interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 6) in the TCA. When the 
I bit in the condition 
code register 
is cleared 
and TCR bit 
6 is cleared, 
the 
processor 
receives 
the 
interrupt 
The 
MCU responds 
to this interrupt 
by 1) saving 
the present 
CPU state 
on the stack, 
2) fetching 
the timer 
interrupt 
vector, 
and 3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request 
bit must be cleared 
by software. 
Refer 
to RESETS and INTERRUPTS for additional 
information. 


The prescaler 
is a 7-bit divider 
which 
is used to extend 
the maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 
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logiC zero to ensure 
proper 
operation 
with 
read-modify- 
write 
instructions. 


The timer 
continues 
to count 
past zero, falling 
from 
$00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time 
by reading 
the timer 
data register 
(TDR). This 
allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 
turbing 
the counting 
process. 
Three 
machine 
cycles 
are 
required 
for 
a change 
in state 
of the TIMER 
pin to dec- 
rement 
the timer 
prescaler. 


Clock input 
to the timer 
can be from 
an external 
source 
or from 
the internal 
phase two signal. 
Clock source 
is one 
of the mask options. 
A prescaler 
mask option 
is also avail- 
able 
to 
select 
a divide 
option 
of a power 
of two 
up to 
128. 


TIMER 
CONTROL 
REGISTER 
(TCR) $009 


This 
8-bit 
register 
controls 
various 
functions 
such 
as 
timer 
interrupt 
request, 
timer 
interrupt 
inhibit, 
and pres- 
caler 
clear 
signal. 
Bit 3 is write 
only. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the 
modified 
value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero (TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does 
not modify 
the 
value. 
Refer to the following 
list of instructions. 


TIR - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 
1 = Set when 
the timer 
data register 
changes 
to all 
zeros 
0= Cleared 
by external 
reset, 
power-on 
reset, 
or 
under 
program 
control 
TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt 
1 = Interrupt 
inhibited 
0= Interrupt 
enabled 
PSC - 
Prescaler 
Clear 
Write 
only 
bit. 
Writing 
a one 
to this 
bit 
resets 
the 
prescaler 
to zero. 
A read of this 
location 
always 
in- 
dicates 
a zero. 


Bits 5, 4, 2-0 - 
Not used. 


The MCU 
has a set of 59 basic 
instructions 
which 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is either 
the accumulator 
or the index 
register. 
The 
other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) 
instructions 
have 
no register 
operand. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Th ru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 
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Function 
Mnemonic 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt 
Line is Low 
BIL 


Branch if Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the first 
256 bytes of the memory 
space, where 
all port registers, 
port DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An additional 
feature 
allows 
the 
soft- 
ware 
to test 
and 
branch 
on the 
state 
of any 
bit within 
these 
256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For test 
and 
branch 
instructions, 
the value 
of 
the bit tested 
is also placed 
in the carry bit of the condition 
code 
register. 
Refer to the following 
list for 
bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O .. .7) 


Branch if Bit n is Clear 
BRCLR n In=O ... 
7) 


Set Bit n 
BSET n (n = 0 ... 
7) 


Clear Bit n 
BCLR n (n=O ... 
7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Function 
Mnemonic 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 
3 is an opcode 
map for the instructions 
used on 
the 
MCU. 


The MCU uses ten different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
3 


modes 
make 
it possible 
to locate 
data tables, 
code 
co v- 
ersion 
tables, 
and scaling 
tables 
anywhere 
in the memory 
space. 
Short 
indexed 
accesses 
are single 
byte 
instruc- 
tions, 
while 
the 
longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and long ab- 
solute 
addressing 
is also 
included. 
Two 
byte 
direct 
ad- 
dressing 
instructions 
access 
all 
data 
bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach 
all memory. 
The term 
"effective 
address" 
(EA) is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access 
constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows 
the user to directly 
address 
the 
lowest 
256 
bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the two 
bytes 
following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode 
are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 


RELATIVE 


The 
relative 
addressing 
mode 
is only 
used 
in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed 
byte (the offset) 
following 
the opcode 
is added 
to the 
PC if, and only 
if, the 
branch 
conditions 
are true. 
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Indexed. 
2 Byte 116-Bitl Offset 


, of Cycles 


Mnemonic 


Bytes 


Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. 


INDEX, 
NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the a-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 
8-BIT OFFSET 


In the indexed, a-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
a-bit index register and the unsigned byte following 
the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning 
of the table in the instruction. 
As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum ofthe contents of the unsigned 
a-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, a-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following 
the 
opcode specifies the direct addressing of the byte to which 


the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte 
in- 


struction. 


CAUTION 


The corresponding 
DDRs for ports A, B, and C 
are write-only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSETand BCLRare read-modify-write 
functions, these functions cannot be used to set or 
clear A DDR bit (all "unaffected" 
bits would be set). 
It is recommended that all DDR bits in a port be 
written using a single-store instruction. 


BIT TEST AND 
BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately 
following 
the 
opcode byte. The signed relative a-bit offset in the third 
byte is added to the PCif the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from 
-125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition 
code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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II 


For 
most 
applications 
PPORT<PINT 
and 
can 
be 
ne- 


glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Oarlington 
bases 
or sink 
LEO loads. 
An 
approximate 
relationship 
between 
Po 
and 
TJ (if 
PPORT is neglected) 
is: 


PO=K+(TJ+273°C) 
(2) 
Solving 
equations 
(1) and 
(2) for 
K gives: 


K = Po 
0 (TA + 273°C) +6JAop02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 


K can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA Using 
this 
value 
of K, 


the values 
of Po and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3 
to + 7.0 
V 
Self-Check Mode (TIMER Pin Only) 
-0.3 
to + 15.0 


Operating Temperature 
Range 
TA 
TL to TH 
°c 
MC6805U2 
o to + 70 
MC6805U2C 
-40 
to +85 
MC6805U2V 
-40 
to + 105 


Storage Temperature 
Range 
Tstg 
-55 
to +150 
°c 


Junction 
Temperature 
TJ 
°c 
Plastic 
150 
PLCC 
150 
Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
6JA 
°CIW 
Plastic (P Suffix) 
60 
PLCC (FN Suffix) 
100 
Cerdip (S Suffix) 
60 


The average 
chip-junction 
temperature, 
TJ' in °C can 
be obtained 
from: 


TJ=TA+(POoOJA) 
(1) 
where: 


TA 
°JA 


Po 
PINT 
PPORT 


= Ambient 
Temperature, 
°C 


= Package 
Thermal 
Resistance, 
Junction-to-Ambient, 
°CIW 


= PINT+ 
PPORT 


= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port 
Power 
Oissipation, 


Watts 
- 
User 
Oetermined 


These device contains circuitry 
to protect 
the inputs against damage due to high static 
voltages or electric fields; 
however, 
it is ad- 
vised that normal 
precautions 
be taken to 
avoid application 
of any voltage higher than 
maximum-rated 
voltages to this high-imped- 
ance circuit. For proper operation it is rec- 
ommended 
the Vin and Vout be constrained 
to the range VSS"'(Vin 
or Vout)"'VCC. 
Reli- 
ability of operation 
is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either VSS or VCC). 
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MMD6150 
or Equiv. 


TestPoint 0_--1- 
30 pF(Totall 


MMD7000 
or Equiv. 


Figure 11. TTL Equivalent 
Test Load 
(Port BI 
Figure 12. CMOS 
Equivalent 
Test Load 


(Port AI 


MMD7000 
or Equiv. 


~ 
:\'i;,~'" 
T 
30 pF(Totall • 


MMD6150 
or Equiv. 


Figure 13. TTL Equivalent 
Test Load 
(Ports A and CI 
Figure 14. Open-Drain 
Equivalent 
Test Load 
(Port CI 


~VDD 
f 
PortA CMOS 


kPullup 
Option 


I 
I 
I 
I 


Figure 18. I/O Characteristic 
Measurement 
Circuit 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Inpu!..!:!i!l.!l Voltage 
VIH 
V 
RESET (4.75<;VCC<;5.75) 
4.0 
- 
VCC 
- 
(VCC<4.75) 
VCC-0.5 
- 
VCC 
INT (4.75<;VCC<;5.75) 
4.0 
· 
VCC 
(VCC<4.75) 
VCC-0.5 
· 


VCC 
All Other (Except Timerl 
2.0 
- 
VCC 


Input High Voltage 
Timer 
VIH 
V 
Timer Mode 
2.0 
- 
VCC+1.0 
Self-Check Mode 
9.0 
10.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
VSS 
- 
0.8 
INT 
VSS 
· 
1.5 
All Other 
VSS 
- 
0.8 


Reset Hysteresis Voltages 
V 


"Out of Reset" 
VIRES+ 
2.1 
- 
4.0 


"Into Reset" 
VIRES- 
0.8 
- 
2.0 


INT Zero-Crossing 
Voltage, 
Through a Capacitor 
VI NT 
2 
- 
4 
Vac p-p 


Internal Power Dissipation (No Port Loading, 
TA=O°C 
PINT 
- 
520 
740 
mW 


VCC=5.75 
V for Steady-State Operation) 
TA= 
-40°C 
- 
580 
800 


Input Capacitance 
Cin 
pF 
XTAL 
- 
25 
- 
All Other 
- 
10 
- 


Low Voltage 
Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage 
Inhibit 
VLVI 
2.75 
3.75 
4.70 
V 


Input Current 
!LA 
TIMER (Vin=0.4 
V) 
lin 
- 
- 
20 
INT (Vin = 2.4 V to Vccl 
- 
20 
50 
EXTAL (Vin = 2.4 V to VCC Crystal Option) 
- 
- 
10 


__ 
(Vin=O.4 
V Crystal Option) 
- 
- 
-1600 
RESET (Vin ~ 0.8 V) 
IRES 
-4.0 
- 
-40 
(External Capacitor Charging Currentl 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 
fosc 
0.4 
- 
4.2 
MHz 


Cycle Time (4/fosc) 
tcvc 
0.95 
- 
10 
.,.s 


INT, INT2, and TIMER Pulse Width 
twL,twH 
tcvc+250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc+250 
- 
- 
ns 


RESET Delay Time (External Cap = 1 "F) 
tRHL 
- 
100 
- 
ms 


INT Zero-Crossing 
Detection Input Frequency 
flNT 
0.03 
- 
1.0 
kHz 


External Clock input Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 


Crystal Oscillator Start-Up Time 
- 
- 
- 
100 
ms 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A with CMOS Drive Enabled 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad= -100 
~ 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad= -10 
~ 
VOH 
VCC-1.0 
- 
- 
V 


Input High Voltage, ILoad= -300 
~ 
(max.) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad= -500 
~ 
(max.) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to VCC) 
IIH 
- 
- 
-300 
~ 


Hi-Z State Input Current (Vin = 0.4 VI 
IlL 
- 
- 
-500 
~ 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad= 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad= -200 
~ 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
jJ.A 


Port C and Port A with TTL Drive 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
~ 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
jJ.A 


Port C (Open-Drain Option) 


Input High Voltage 
VIH 
2.0 
- 
13.0 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Leakage Current (Vin = 13.0 V) 
ILCD 
- 
<3 
15 
~ 


Output Low Voltage ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Port 0 (Digital Inputs Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Current 
lin 
- 
<1 
5 
jJ.A 
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The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 


MDOS@, 
disk file 
MS@-DOS/PC-DOS 
disk file 
EPROM(s)MC68705R3, 
2532, 2732, or two 
2516/2716 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to 
first 
contact 
the local field 
service 
office, 
a sales person, 
or Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MDOS 
or MS-DOS/PC- 
DOS disk file). 
programmed 
with 
the customer 
program 
(positive 
logic 
sense for address 
and data), 
may 
be sub- 
mitted 
for pattern 
generation. 
In either 
case, the diskette 
should 
be clearly 
labeled 
with 
the customers 
name, 
date, 
project 
or product 
name, 
and the 
name 
of the 
file 
con- 
taining 
the 
pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to speed up the process 
in case of any difficulty 
with 
the pattern 
file. 


MOOS 
Disk 
File 


MDOS 
is Motoria's 
Disk Operating 
System 
available 
on 
the 
EXORciser<8> development 
system. 
The 
disk 
media 
submitted 
must 
be a single-sided, 
single-density, 
8-inch 
MDOS compatible 
floppy 
diskette. 
The diskette 
must con- 
tain 
the 
minimum 
set of MDOS 
system 
files 
in addition 
to the 
pattern 
file. 
The 
.LO output 
of the 
M6805 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must be produced 
(using 
the ROLLOUT 
command) 
containing 
the absolute 
image 
of the M6805 
memory. 
Include 
the entire 
memory 
image 
of both 
date 
and 
program 
space. 
All 
unused 
bytes, 
in- 
cluding 
those 
in the 
user space, 
must 
be set to zero. 


MS-DOS/PC-DOS 
Disk File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM<8>Personal 
Computer 
(PC) Disk Operating 
System. 
Disk media 
submitted 
must 
be a standard 
density 
(360K) 
double-sided 
5114 inch 
compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
object 
file 
code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and 
linkers 
on IBM-PC 
style 
machines. 


rVl 
lilt:: £OOlL, £1 ~L., or loe 
ML.btSlUoHJ, 
tne 
HUM code 
should 
be located 
from 
$080 to $FF and $7CO to $F37 and 
the 
interrupt 
vectors 
from 
$FF8 to $FFF. For the 
2516's 
or 2716's, 
the ROM code should 
be located 
from 
$080 to 
$FF and $7CO to $7FF in the first 
EPROM 
and from 
$0 to 
$737 in the second 
EPROM. The interrupt 
vectors 
should 
be in the second 
EPROM 
from 
$7F8 to $FFF. 


xxx 
xxx 


<D 
<D 
E§ 
-g§ 
~ 
N~ 


080 
800 
080 


xxx = Customer 
10 


VERIFICATION 
MEDIA 


All original 
pattern 
media 
(EPROMs 
or floppy 
disk) are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the 
contractual 
agreement 
for 
creation 
of the 
customer 
mask. 
If desired, 
Motorola 
will 
program 
(customer 
supplied) 
blank EPROM(s) 
or DOS 
disk 
from 
the 
data 
file 
used 
to create 
the 
custom 
mask 
to aid in the verification 
process. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs 
containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the 
custom 
mask 
but 
are for 
the 
pur- 
pose of ROM verification 
only. 
For expediency 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
at room 
temperature 
and five volts. 
These 
RVUs are free with 
the 
minimum 
order 
quantity 
but 
are 
not 
production 
parts. 


These 
RVUs 
are 
not 
guaranteed 
by 
Motorola 
Quality 
Assurance. 


ORDERING 
INFORMATION 


The following 
table 
provides 
generic 
information 
per- 
taining 
to the 
package 
type, 
temperature, 
and 
MC 
part 
numbers 
for the 
MC6805U2. 


Package Type 
Temperature 
Part Number 


PLCC 
O·Cto 70·C 
MC680SU2FN 
FN Suffix 
- 40·C to + 8S·C 
MC680SU2CFN 


Plastic 
O·Cto 70·C 
MC680SU2P 
P Suffix 
- 4O·Cto + 8S·C 
MC680SU2CP 


Cerdip 
O·Cto 70·C 
MC680SU2S 
S Suffix 
- 4O·Cto + 8S·C 
MC680SU2CS 


EPROMs 


An 
MC68705R3, 
2532, 2732, 
2516 (2), or 2716 (2) type 
EPROM(s), 
programmed 
with 
the customer 
program 
(po- 
sitive 
logic sense for address 
and data) may be submitted 
for pattern 
generation. 
Since all program 
and data space 
Information 
will 
fit on one MC68705R3/2532/2732 
or two 
2516/2716 
type 
EPROM(s), 
the 
EPROM(s) 
must 
be pro- 
grammed 
as described 
in the following 
paragraph. 


MOOS is a trademark 
of Motorola 
Inc. 
MS-DOS is a trademark 
of Microsoft, 
Inc. 


EXORciser is a registered trademark of Motorola 
Inc. 
IBM is a registered trademark 
of International 
Business Machines Corporation. 
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PIN ASSIGNMENTS 


Dual-in-Line 
Package 


vss 
PAl 


RESET 
sJ 
PA6 


;m 
38 
PAS 


VCC 
• 
3/ 
PA' 


EXTAL 
5 
36 
PA3 


XTAL 
6 
35 
PA2 


1VSSI 
NUM 
1 
34 
PAl 


TIMER 
8 


PCO 
9 


PC' 
10 
• 


PC2 
11 


PC3 
'2 
PB' 


PC4 
13 
PB3 


pes 
14 
27 
PB2 


26 
PB' 


25 
PBO 


24 
PDO 


PQ6I1NT2 
23 
POI 


PDS 
n 
PD2 


PO' 
" 


P03 


XTAL 


IVSS) 
NUM 


TIMER 
PCO 


PCl 


PC2 
PC3 
PC4 
PC5 
NC 


PCB 


~u 
I~(/)""'(OI.OV 
U 
X 
uI~W 
(J) <! 
<{ « <! 
U 
zw>_a::>o..a...a...a....z 


40 


39 
PA3 
PA2 


PAl 
PAO 


PB7 


34 
PBB 
PB5 


PB4 
PB3 
PB2 


29 
PBl 


28 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805U3 
(HMOS) 
Microcontroller 
Unit (MCU) is a member 
of the MC6805 
Family 
of micro- 
computers. 
This low cost and high-speed 
MCU has parallel 
110 capability 
with 
pins programmable 


as input 
or output. 
This publication 
contains 
condensed 
information 
on the MCU; 
for detailed 
infor- 


mation, 
refer to M6805 
HMOS, 
M146805 
CMOS 
Family 
User's 
Manual 
(M6805UM(AD2)) 
or contact 


your 
local Motorola 
sales office. 


Refer to the block diagram 
for the hardware 
features 
and to the list below 
for additional 
features 


available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
110 


• 
Versatile 
Interrupt 
Handling 


• 
True Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
3776 Bytes of ROM 


• 
112 Bytes of RAM 


• 
Self-Check 
Mode 


• 
24 Bidirectional 
I/O Lines 


PAO 
PAl 
Accumulator 


Port 
PA2 
Data 
A 
INT2 
A 
CPU 
PA3 
Otr 
Inde. 
Control 
I/O 
PA4 
Reg 
RegIster 
LInes 
PA5 
a 
x 
PDQ 
PA6 
POl 


PA7 
Condition 
P02 
Code 
P03 
Port 0 


Register 
CC 
Inpul 
CPU 
Lines 
Stack 


pao 
5 
POinter 
SP 
pal 
Program 
Port 
pa2 
B 
Port 
Data 
Coumer 
PB3 
B 
Otr 
4 
HIgh 
PCH 
I/O 
PB4 
Reg 
Reg 
AlU 
LInes 
PB5 
Program 
PB6 
Counter 
PB7 
B 
low 
PCO 
PCl 


Data 
POIt 
PC2 
Port 


Otr 
C 
PC3 
C 


Reg 
Reg 
PC4 
I/O 


PC5 
Lines 
PC6 
PC7 
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VCC AND 
VSS 


Power 
is supplied 
to the 
microcomputer 
using 
these 
two 
pins. 
VCC is + 5.25 volts 
(:!: O.5M power, 
and VSS is 
ground. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
an external 
interrupt 
to the MCU. 
Refer to INTER- 


RUPTS 
for 
more 
detailed 
information. 


EXTAL,XTAL 


These 
pins 
provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A 
crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
(depending 
upon 
user 
se- 
lected 
manufacturing 
mask option) 
is connected 
to these 
pins 
to provide 
a system 
clock. 


RC Oscillator 


With 
this option, 
a resistor 
is connected 
to the oscillator 
pins 
as shown 
in Figure 
1. The relationship 
between 
R 
and fosc 
is shown 
in Figure 
2. 


Cl 
-G1tJ- 


EXTAL 
S 
XTAL 


5 
~ 
6 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 


Co= 
7 pF 
Max 


Freq.: 4.0 MHz @ CL: 24 pF 
AS=50 
ohms Max. 


Piezoelectric 
ceramiC 
resonators 
which 


have 
the 
equivalent 
Specifications 
may 
be 


used 
Instead 
of crystal 
OSCillators 
Follow 


ceramic resonator manufacturer's 
sug- 


gestions 
for Co. C,. and 
AS 
values. 


10 


~ 60 
g 50 


~ 
4 a 
u: 


~ 30 


~ 20 
o 


Figure 
2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


Crystal 
3 
The circuit 
shown 
in Figure 
1 is recommended 
when 
using 
a crystal. 
Using 
an external 
CMOS 
oscillator 
is rec- 


ommended 
when 
crystals 
outside 
the 
specified 
ranges 


are to be used. 
The crystal 
and 
components 
should 
be 


6 
Xr4L 


(See Note) = 
EXTAL 


CL I-= 


6 
XTAL 


VCC 
6 
XTAL 
External' 
6 
XTAL 


Clock 
-= 
R 
5 
EXTAL 
EXTAL 
EXTAL 
Input 
No 
Connection 


Approximately 
25°'0 to 50% Accuracy 


Typical tcyc = 1.25 fLS 


External Jumper 


Approximately 
10% to 25% Accuracy 


(Excludes Resistor Tolerance) 


External 
Resistor 


NOTE: The recommended 
CL value with a 4.0 MHz crystal is 27 pF maximum, 
including 
system distributed 
capacitance. There is an 
internal capacitance of approximately 
25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 
50 pF 
on EXTAL and approximately 
25 pF on XTAL. The exact value depends on the motional-arm 
parameters of the crystal used. 
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mounted 
as close as possible 
to the input 
pins to mini- 
mize output 
distortion 
and startup 
stabilization 
time. 
Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VCC 
specifications. 


External 
Clock 


An external 
clock should 
be applied to the EXTAL input 
with 
the XTAL 
input 
connected 
to ground, 
as shown 
in 
Figure 
1. This option 
may only 
be used with 
the crystal 
oscillator 
option 
selected in the mask option 
register. The 
tOXOV 
or tlLCH specifications 
do not apply 
when 
using 
an external 
clock input. 


TIMER 


This 
pin 
is used as an external 
input 
to control 
the 
internal 
timer/counter 
circuitry. 
This 
pin also detects 
a 
higher voltage 
level used to initiate the self-test 
program. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO-PA7, PBO-PB7, PCO-PC7,POO· 
P07) 


These 32 lines are arranged 
into four 8-bit ports (A, B, 


C, and Dj. Ports A, B, and C are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data di- 
rection 
registers. 
Port D bit 6 shares 
input 
signal 
INT2, 
which 
is used 
by external 
interrupts. 
Port D is a fixed 
input 
port and not controlled 
by any data register. 
Refer 
to PROGRAMMING 
for additional 
information. 


INPUT/OUTPUT 
PROGRAMMING 


Ports A, B, and C are programmable 
as either 
input or 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Port D lines are input 
only. The 


port 
I/O programming 
is accomplished 
by writing 
the 
corresponding 
bit in the port DDR to a logic one for output 
and 
a logic 
zero for 
input. 
On reset, 
all the 
DDRs are 
initialized 
to a logic zero state to put the ports in the input 
mode. 
The 
port 
output 
registers 
are not 
initialized 
on 
reset and should 
be written 
to before 
setting 
the 
DDR 
bits. 
When programmed 
as outputs, 
the latched output 
data 
is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may 
be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since the data 
read corresponds 
to the 
pin 
level 
if the 
DDR is an input 
(zero) and, also, to the latched 
output 
when 
the DDR is an output 
(one). Refer to Table 
1 for 1/ 


o functions 
and to Figure 3 for typical 
port circuitry. 


Data 
Latched 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 
, 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi-Z** 
Pin 


"Ports 
Band C are three state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


The MCU is capable 
of addressing 
4096 bytes of mem- 
ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The locations 
consist 
of user ROM, self-check 
ROM, 
user RAM, a miscellaneous 
control 
register 
(MRl. 
timer 


Figure 3. Typical 
Port I/o Circuitry 
and 
Register 
Configuration 
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7 
0 


000 
$000 
1/0 
Ports 
Timer 
RAM 


127 
1128 Bytesl 
$07F 
128 
$<m 


Main User 
ROM 


13768 Bytes} 


3B95 
3B96 


Self Check 


ROM 
1192 Bytes} 


4007 
SFF7 
.._"!§ 


SFFB 
Timer Interrupt 
SFF9 
----- 
SFFA 


External Interrupt 
SFFB 


Vectors 
4092 
-- -- 
SFFC 


4093 
SWI 
SFFD 


4094 
SFFE 


4095 
RESET 
SFFF 


Port A Data Register 


Port B Data Register 


Port C Data Register 


Port 0 Data Register 


PortA DDA* 


Port BOOR * 
SOO6* 


Port C DDR * 
SOO5* 


7 
Not Used 


8 
Timer Data Register 


9 
Timer Control Register 


10 
Miscellaneous Register 
" 


registers, 
and 
I/O. The 
interrupt 
and 
reset 
vectors 
are 
located 
from 
$FFS to $FFF. 


The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes 
and increments 
during 
pulls. 


Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using the stack area for data storage 
or temporary 


work locations 
requires care to prevent it from 
being 


overwritten 
due 
to stacking 
from 
an interrupt 
or 
subroutine 
call. 


REGISTERS 


The 
MCU contains 
the 
registers 
described 
in the fol- 


lowing 
paragraphs. 


ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
S-bit 
register 


used to hold 
operands 
and 
results 
of arithmetic 
calcu- 


lations 
or data manipulations. 


7 
0 


I 
A 
I 


INDEX REGISTER (Xl 


The index 
register 
is an 8-bit 
register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit value 
that 


$000 


SOOI 


$002 


$003 


$004* 


may be added to an 8- or 16-bit immediate 
value to create 


an effective 
address. The index register 
may also be used 


as a temporary 
storage 
area. 


7 
I 
X 


PROGRAM 
COUNTER (PCI 


The program 
counter 
is a 12-bit register 
that contains 


the address 
of the next byte to be fetched. 


11 
8 
7 
0 


I 
PCH 
I 
PCl 
I 


STACK POINTER (SP) 


The stack pointer 
is a 12-bit register 
that contains 
the 


address 
of the next free location 
on the stack. During 
an 
MCU 
reset or the 
reset stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed 
onto the stack and 
incremented 
as data is pulled 
from 
the stack. 


The seven most-significant 
bits of the stack pointer 
are 


permanently 
set at 0000011. 
Subroutines 
and interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 


mum). 
which 
allows 
the 
programmer 
to use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


11 
5 4 
0 


~ 
s_p 
1 
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The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program, 
and specific 
actions 
can be taken as a result of 
their 
state. Each bit is explained 
in the following 
para- 


graphs. 


4 
0 


0ililiEJ 


Half Carry (H) 


This bit is set during 
ADD and ADC operations 
to in- 
dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs while 
this bit is set, the interrupt 
is latched and is processed 
as 


soon as the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this bit indicates 
that the result 
of the last 
arithmetic, 
logical, or data manipulation 
was negative 
(bit 
7 in the result is a logic one). 


Zero (Z) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


CarrylBorrow 
(C) 


When set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and branch 
instructions, 
and during 
shifts 
and 
rotates. 


SELF CHECK 


The self check is initiated 
by connecting 
the MCU as 
shown 
in Figure 5 and then monitoring 
the output 
of port 
C (bit 3) for 
an oscillation 
of approximately 
7 Hz. The 
following 
test are executed 
automatically: 


1/0 - 
Functionally 
exercise 
1/0 ports; 


RAM - 
Walking 
bit test; 
ROM - 
Exclusive 
OR with 
ODD "1st" 
parity 
result; 


Timer - 
Functionally 
exercise 
timer; 
and 
Interrupts 
- 
Functionally 
exercise 
external 
and timer 
interrupts. 


The RAM and ROM can be called by a user program. 
The 
Timer test may be called if the timer 
input 
is the internal 
clock. Table 2 shows the status of the LEDs as a result of 
a failure. 
Port C is tested 
only 
once (just after 
reset). 
If 
port C fails, no lights will 
appear. 


The MCU can be reset three ways: 
(1) by initial 
power- 
up, (2) by the external 
result 
input 
(RESET). and (3) by 


+525V 
10,.F 


I 
'5 
-= Ii'; 


+ lOV 
LEO 
"',. 
5100 


lED 
~ 
10 


LED 
'l 
100 


LEO 
/. 
5100 


PA7 
40 


PA6 
39 


PA5 
38 


PA4 
37 


PA3 
36 


PA2 
35 


PAl 
34 


PAD 
33 


6 
xTAL 


7 NUM IN/CI 


8 
TIMER 


9 pea 


10 PCl 


11 pe2 


12 PC3 


13 PC4 


14 pe5 


15 pe6 


16 PCl 


17 
POl 


18 
PD6/IlNT'il 


19 PD5 


PBl 
32 


PS6 
31 


PB5 
30 


PB4 
29 


PB3 
28 


PB2 
27 


PBl 
26 


PBO 
25 
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Table 
2. Self-Check 
Error 
Patterns 


LED Meanings 


PCO 
PC, 
PC2 
PC3 
Remarks (':LED 
ON; O:LED OFF) 


1 
0 
1 
0 
Bad 1/0 


0 
0 
1 
0 
Bad Timer 
1 
1 
0 
0 
Bad RAM 


0 
1 
0 
0 
Bad ROM 
1 
0 
0 
0 
Bad AID 
0 
0 
0 
0 
Bad Interrupt or Request Flag 
All Flashing 
Good Device 


an optional, 
internal, 
low-voltage 
detect 
circuit. 
The RE- 


SET input 
consists 
mainly 
of a Schmitt 
trigger 
that senses 


the 
line 
logic 
level. 


POWER-ON-RESET 
(POR) 


An internal 
reset is generated 
on power-up 
that allows 
the 
internal 
clock 
generator 
to 
stabilize. 
The 
power-on 
reset 
is used 
strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect 
any drop 
in the power 
supply 
voltage. 
A delay 
of tRHL milliseconds 
is required 
before 
allowing 
the 
RESET input 
to go high. 
Connecting 
a ca- 


pacitor 
to the 
RESET input 
(Figure 
6) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The 
MCU 
is reset 
when 
a logic 
zero 
is applied 
to the 


RESET input 
for a period 
longer 
than 
one machine 
cycle 
(tcyd. 
Under this type of reset, the Schmitt 
trigger 
switches 
off at VIRES _ to provide 
an internal 
reset voltage. 


LOW-VOLTAGE 
INHIBIT 
(LVI) 


The optional 
low-voltage 
detection 
circuit 
causes 
a re- 


set of the MCU 
if the power 
supply 
voltage 
falls 
below 
a 
certain 
level 
(VLVI). The only 
requirement 
is that the VCC 


must 
remain 
at or below 
the VLVI threshold 
for one tcyc 


minimum. 


In typical 
applications, 
the VCC bus filter 
capacitor 
will 


eliminate 
negative-going 
voltage 
glitches 
of less than one 


tcyc. 
The 
output 
from 
the 
low-voltage 
detector 
is con- 


nected 
directly 
to the internal 
reset circuitry. 
It also forces 


the RESET pin low via a strong 
discharge 
device 
through 
a resistor. 
The internal 
reset is removed 
once the power 
supply 
voltage 
rises 
above 
a recovery 
level 
(VLVR) 
at 
which 
time 
a normal 
power-on 
reset 
occurs . 


The 
MCU 
can 
be interrupted 
four 
different 
ways: 
111 
through 
the external 
interrupt 
IRQ input 
pin, (21 with 
the 
internal 
timer 
interrupt 
request. 
(3) using 
the 
software 


int~t 
instruction 
(SWII, 
or (4) the external 
port 
D bit 
6 (lNT2) 
input 
pin. 


Interrupts 
cause the processor 
registers 
to be saved on 
the stack and the interrupt 
mask (I bit) to be set preventing 
additional 
interrupts. 
The RTI instruction 
causes 
the reg- 


ister 
contents 
to be recovered 
from 
the 
stack, 
and then 
normal 
processing 
resumes. 
The stacking 
order 
is shown 
in Figure 
7. 


Unlike 
RESET, 
hardware 
interrupts 
do 
not 
cause 
the 


current 
instruction 
execution 
to 
be halted 
but 
are con- 


sidered 
pending 
until 
the current 
instruction 
is complete. 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being 
operated 
on. 


POR 


Delay 


Capacitor 


• 
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6 
4 
3 
0 
Pull 


1 


n-4 
Condition Code Register 
n+l 


j 


n-3 
Accumulator 
n+2 


n-2 
n+3 


n-1 
PCH" 
n+4 


PCL" 
n+5 


Push 


When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardware 
interrupts 
and, if unmasked 
(I bit clear), 
proceeds 
with 
interrupt 
processing; 
other- 


wise, the next instruction 
is fetched and executed. Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status bit is cleared before unmasking 
the 
interrupt, 
then the interrupt 
is not latched. 


If both an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 
ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 


same as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 
8 for the reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


If the timer 
mask bit (TCR6) is cleared, 
then, each time 


the timer decrements 
to zero (transitions 
from $01 to $00), 


an interrupt 
request 
is generated. 
The actual 
processor 
interrupt 
is generated 
only if the interrupt 
mask bit of the 
condition 
code register 
(CCR) is also cleared. 
When 
the 


'.Iltn 
eel 
07F.SP 
O.OORs 
CLR m logic 
FF "'Timer 


7F"Prescaler 
7F"TCR 
7F "'MR 


Clear 
iNf 


Request 


latch 


Load 
PC 
From: 


$WI: 
FFC/FFO 


INT: 
FFA/FFB 


Timer 
or 


iiiii'2: 
FF8/FF9 


Load 
PC 


From 


FFE/FFF 
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is pushed 
onto the stack and the I bit in the CCR is set, 
masking 
further 
interrupts 
until the present 
one is serv- 
iced. The contents 
of the timer 
interrupt 
vector, 
contain- 
ing the location 
of the timer 
interrupt 
service 
routine, 
is 
then 
loaded 
into the program 
counter. 
At the end of the 
timer 
interrupt 
service routine, 
the software 
normally 
ex- 


ecutes an RTI instruction 
which restores the machine state 
and starts executing 
the interrupted 
program. 


EXTERNAL INTERRUPT 


The external 
interrupt 
is intern'!!)y 
synchronized 
and 
then latched on the falling 
edge of INT and INT2. Clearing 
the I bit enables the external 
interrupt. 
The INT2 interrupt 
has an interrupt 
request 
bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous 
register 
(MR). The INT2 interrupt 
is 
inhibited 
when 
the mask bit is set. The INT2 is always 
read as a digital 
input 
on port 
D. The INT2 and timer 


interrupt 
request 
bits, if set, cause the MCU to process 
and interrupt 
when 
the condition 
code I bit is clear. The 
following 
paragraphs 
describe 
two 
typical 
external 
in- 


terrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal (fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 9a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 


ac 
(Current 


{f1~;P~~)(.1 
~limil,ngl 
3. 
iNT 


Rs1MO 
ac Input 
R 
0 1_ 1 0 


.,10 
Vacp-p rv 
.. 
F 


- 
- 
--,. 
--~ 
••• 
_- 
_ 
•• 
~ 
•.•••• 
:::11.•• :::11••• 
:::1' 
••••••• 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and, thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 9bl, the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
frequen.£Y. of a 
signal 
that can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 


Refer to TIMER 
for additional 
information. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 


is zero, SWI executes 
after the other interrupts. 
The SWI 


execution 
is similar 
to the hardware 
interrupts. 


The MCU consists 
of an B-bit software 
programmable 


counter 
driven 
by a 7-bit software 
programmable 
pres- 
caler. The various 
timer 
sources 
are made via the timer 


control 
register 
(TCR) and mask option 
register 
(MaR). 
The B-bit counter 
may be loaded 
under program 
control 
and is decremented 
toward 
zero. When the timer 
reaches 
zero, the timer 
interrupt 
request 
bit (bit 7) in the timer 
control 
register 
(TCR) is set. Refer to Figure 
10 for timer 
block diagram. 


ITl 


Level 


Digital 


Input 


lJ 


NOTES: 


1 The prescaler and 8-bit counter are clocked on the rising edge of the internal clock (phase two) or external input. 
2. The counter is written to during data strobe (oS) and counts down continuously. 
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The timer 
interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 6) in the TCR. When the 
I bit in the condition 
code register 
is cleared, the proces- 
sor receives the interrupt. 
The MCU responds 
to this in- 
terrupt 
by (1) saving the present 
CPU state on the stack, 
(2) fetching 
the timer 
interrupt 
vector, 
and (3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request bit must 
be cleared 
by software. 
Refer to 
RESETS and 
INTER- 
RUPTS for additional 
information. 


The prescaler 
is a 7-bit divider 
which 
is used to extend 
the maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 
a logic 
one; 
however, 
the TCR bit 3 always 
reads as a 
logic zero to ensure 
proper 
operation 
with 
read-modify- 


write 
instructions. 


The timer continues 
to count past zero, falling 
from $00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time by reading the timer data register 
(TOR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 


turbing 
the counting 
process. 


SOFTWARE CONTROLLED 
MODE 


The timer 
prescaler 
input 
can be configured 
for three 
different 
operating 
modes 
plus a disable 
mode, depend- 


ing on the value written 
to TCR control 
bits 4 and 5 (TCR4 
and TCR5). The following 
paragraphs 
describe 
the dif- 
ferent 
modes. 


Timer 
Input 
Mode 
1 


When 
TCR4 and TCR5 are both 
programmed 
to zero, 
the timer 
input is from the internal 
clock (phase two) and 
the timer 
input 
pin is disabled. 
The internal 
clock mode 
can be used for periodic 
interrupt 
generation 
as well as 
a reference 
for frequency 
and event measurement. 
Dur- 


ing the WAIT 
instruction, 
the internal 
clock to the timer 
continues 
to run at its normal 
rate. 


Timer 
Input 
Mode 
2 


When TCR4= 1 and TCR5=0, 
the internal 
clock and the 
timer 
input 
signals 
are ANDed 
to form 
the timer 
input. 


This mode can be used to measure external 
pulse widths. 


The active high, external 
pulse gates in the internal 
clock 
for the duration 
of the external 
pulse. 
The accuracy 
of 
the count 
is ± 1. 


Timer 
Input 
Mode 3 


When 
TCR4 = 0 and TCR5 = 1, no prescaler 
input 
fre- 
quency 
is applied 
to the prescaler 
and the timer 
is dis- 
abled. 


Timer 
Input 
Mode 4 


When TCR4 and TCR5 are both one, the timer 
input 
is 
from 
the external 
clock. The external 
clock can be used 
to count external 
events as well as to provide 
an external 
frequency 
for generating 
periodic 
interrupts. 


TIMER CONTROL REGISTER (TCR) $009 


This is an B-bit register 
that controls 
various 
functions 
such as configuring 
operation 
mode, setting 
ratio of the 


prescaler, 
and generating 
timer 
interrupt 
request 
signal. 


Bit 3 is write 
only. 


TCR7 


RESET: 


D 
1 
U 
U 
U 
U 
U 
U 


TCR7 - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 
1 = Set when 
the timer 
data register 
changes 
to all 
zeros 
0= Cleared 
by external 
reset. 
power-on 
reset. 
or 
under 
program 
control 


TCR6 - 
Timer 
Interrupt 
Mask 


Used to inhibit 
the timer 
interrupt 
1= Interrupt 
inhibited 
0= Interrupt 
enabled 


TCR5 - 
External 
or Internal 
Selects input 
clock source 
1 = External 
clock selected 
0= Internal 
clock selected 
(foscl4) 


TCR4 - 
TIMER External 
Enable 


Used to enable external 
TIMER pin 
1 = Enables external 
timer 
pin 
0= Disables 
external 
timer 
pin 
TCR3 - 
Prescaler 
Clear 


Write 
only 
bit. Writing 
a one to this 
bit resets 
the 
prescaler 
to zero. A read of this 
location 
always 
in- 
dicates 
a zero. 


TCR2, TCR1, TCRo - 
Prescaler 
Select Bits 
Decoded 
to select one of eight 
outputs 
of the pres- 
caler 


TCR2 
TCRl 
TCRD 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
B 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


The MCU has a set of 59 basic instructions 
which 
can 
be divided 
into five different 
types: register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 


erand is either the accumulator 
or the index register. 
The 
other operand 
is obtained 
from 
memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
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jump 
to subroutine 
(JSR) instructions 
have no register 
operand. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


.Jump 
Unconditional 
JMP 


Jump to Subroutine 
JSR 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 


tion is met; otherwise, 
no operation 
is performed. 
Branch 


instructions 
are two 
byte 
instructions. 
Refer to the fol- 


lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch 
Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEG 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt Mask Bit is Clear 
BMC 


Branch if Interrupt Mask Bit is Set 
BMS 


Branch 
if Interrupt 
Line 
is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 
ister, modify 
or test its contents, 
and write 
the modified 


value 
back to 
memory 
or to the 
register. 
The test for 


negative 
or zero (TST) instruction 
is an exception 
to the 


read-modify-write 
sequence 
since it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic Shift Right 
ASR 


Test 
for Negative 
or Zero 
TST 


These 
instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer to the following 
list 
for 
control 


instructions. 


function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt Mask Bit 
SEI 


Clear Interrupt Mask Bit 
CLI 


Software Interrupt 
SWI 


Return 
from 
Subroutine 
RTS 


Return 
from 
Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting 
or clearing 
any bit which 
resides in the first 256 bytes of the memory 
space where 


all port registers, 
port DDRs, timer, 
timer control, 
and on- 
chip 
RAM 
reside. 
An additional 
feature 
allows 
the soft- 


ware 
to test and 
branch 
on the state of any bit within 
these 256 locations. 
The bit set, bit clear and bit test, and 


branch 
functions 
are all implemented 
with 
a single 
in- 


struction. 
For test and branch 
instructions, 
the value 
of 


• 
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the bit tested is also placed in the carry bit ofthe 
condition 


code register. 
Refer to the following 
list for bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n In =0. 
.. 7) 


Branch if Bit n is Clear 
BRCLR n In~O .. .7) 


Set Bit n 
BSET n In = 0 .. .7) 


Clear Bit n 
BCLR n In=O. 
.. 7) 


OPCODE 
MAP SUMMARY 


Table 3 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU uses ten different 
addressing 
modes to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, code cov- 
ersion tables, and scaling tables anywhere 
in the memory 
space. 
Short 
indexed 
accesses 
are single 
byte 
instruc- 
tions while 
the longest 
instructions 
(three bytes) permit 
accessing tables throughout 
memory. 
Short and long ab- 
solute 
addressing 
is also included. 
Two-byte 
direct 
ad- 


dressing 
instructions 
access 
all data 
bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions to reach all memory. 
The term "effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained in the byte immediately 
following 
the opcode. The 
immediate 
addressing 
mode is used to access constants 
that 
do 
not change 
during 
program 
execution 
(e.g., a 
constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct addressing 
mode, the effective 
address of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two bytes following 
the opcode 
byte. Instructions 
with 
extended 
addressing 
mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with 
a single three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the B- 


bit signed 
byte (the offset) following 
the opcode is added 


to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
-126 
to + 129 from 
the opcode 
address. 


INDEX, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the B-bit index 
register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 
long. This mode is often used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or 1/0 location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
B-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
B-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode 
is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with the address 
of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 
tables may begin anywhere 
within 
the first 256 address- 
able locations 
and could 
extend 
as far as location 
510 
($1FE is the 
last location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
B-bit index register 
and the two unsigned 
bytes following 
the opcode. This addressing 
mode can be used in a man- 
ner similar 
to indexed, 
B-bit offset except that this three- 
byte instruction 
allows tables to be anywhere 
in memory. 


BIT SETICLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Any 
readlwrite 
bit in the first 256 locations 
of memory, 
including 
1/0, can 
be selectively 
set or cleared 
with 
a single 
two-byte 
in- 
struction. 


CAUTION 


The corresponding 
DDRs for ports A, B, and Care 
write 
only 
registers 
(registers 
at $004, $005, and 
$006). A read operation 
on these 
registers 
is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, 
these instructions 
cannot 
be used to set 
or clear a DDR bit (all "unaffected" 
bits would 
be 
set). It is recommended 
that all DDR bits in a port 
be written 
using a single-store 
instruction. 


BIT TEST AND 
BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct addressing 
and relative 
addressing. 
The 
bit to be tested, and its condition 
(set or clear), is included 
in the opcode. 
The address 
of the byte to be tested 
is in 
the single 
byte immediately 
following 
the opcode 
byte. 
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Inherent 
ImmedIate 
Direct 
Extended 
Relative 


Bit Setl Clear 
Bit Test and Branch 
Indexed INo Offset I 
Indexed. 
1 Byte IB-B,tl Offset 


Indexed. 2 Byte 116-B,tl Offset 


# 01 Cycles 


Mnemonic 


Bytes 


• 


The signed 
relative 
B-bit offset 
in the third 
byte is added 
to the PC if the specified 
bit is set or cleared 
in the spec- 
ified memory 
location. 
This single three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of 


any readable 
bit in the first 256 locations 
of memory. 
The 
span of branching 
is from 
-125 
to + 130 from the opcode 
address. 
The state of the tested 
bit is also transferred 
to 
the carry bit of the condition 
code register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the 
information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index 
register 
or 


accumulator 
as well 
as the control 
instruction 
with 
no 


other 
arguments 
are included 
in this 
mode. 
These 
in- 


structions 
are one byte long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
-0.3 
to +7.0 
V 
Self-Check Mode ITIMER Pin Only) 
-0.3 
to + 15.0 


Operating Temperature 
Range 
TA 
TL to TH 
'c 


MC6805U3 
o to 70 
MC6805U3C 
-40 
to +85 
MC6805U3V 
-40 
to + 105 


Storage Temperature 
Range 
Tsto 
-55 
to +150 
'c 


Junction 
Temperature 
TJ 
'c 


Plastic 
150 


PLCC 
150 
Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
6JA 
'CIW 
Plastic (P Suffix) 
60 
PLCC (FN Suffix I 
100 
Cerdip IS Suffix) 
60 


The average 
chip-junction 
temperature, 
TJ' in 'c can 
be obtained 
from: 


TJ=TA+(Poo6JA) 
(1) 
where: 


TA 
6JA 


Po 
PINT 
PPORT 


= Ambient 
Temperature, 
'c 


= Package Thermal 
Resistance, 
Junction-to-Ambient, 
'CIW 


= PINT+PPORT 
= ICC x VCC' Watts - 
Chip Internal 
Power 


= Port Power Oissipation, 


Watts - 
User Oetermined 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal 
precautions 
be taken to avoid 


application 
of any voltage higher than max- 


imum-rated 
voltages to this high-impedance 
circuit. 
For 
proper 
operation, 
it 
is 
recom- 
mended the Vin and Vout be constrained 
to 


the range VSS '" IVin or Vout) '" VCC. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level le.g., either VSS or VCCI. 


For most 
applications 
PPORT<PINT 
and 
can 
be ne- 


glected. 
PPORT may become 
significant 
if the device 
is 
configured 
to drive 
Oarlington 
bases or sink LEO loads. 
An 
approximate 
relationship 
between 
Po and 
TJ (if 
PPORT is neglected) 
is: 


PO=K~(TJ+273'C) 
(2) 


Solving 
equations 
(1) and (2) for K gives: 


K = Po 
0 (TA + 273'C) + 8JAoP02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. K 
can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for a known 
TA- Using 
this 
value 
of K, 


the values of Po and TJ can be obtained 
by solving 
equa- 


tions 
(1) and (2) iteratively 
for any value 
of TA- 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 
RESET (4.75 ,,; VCC ,,; 5.75) 
4.0 
- 
VCC 
VCC < 4.75) 
VCC-0.5 
- 
VCC 
INT (4.75 ,,; VCC ,,; 5.75) 
4.0 
· 
VCC 
(VCC < 4.75) 
VCC-0.5 
· 
VCC 
(All Other (Except Timer) 
2.0 
- 
VCC 


Input High Voltage Timer 
VIH 
V 
Timer Mode 
2.0 
- 
VCC+1.0 
Self-Check Mode 
9.0 
10.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
VSS 
- 
0.8 
INT 
VSS 
· 
1.5 
All Other 
VSS 
- 
0.8 


RESET Hysteresis Voltages 
V 


"Out of Reset" 
VIRES+ 
2.1 
- 
4.0 


"Into Reset" 
VIRES- 
0.8 
- 
2.0 


INT Zero-Crossing 
Voltage, Through a Capacitor 
VINT 
2 
- 
4 
Vac pop 


Internal Power Dissipation - 
(No Port Loading, TA = O°C 
PINT 
- 
520 
740 
mW 
VCC=5.75 V for Steady-State Operation) 
TA= -40"C 
- 
580 
800 


Input Capacitance 
Cin 
pF 
XTAL 
- 
25 
- 
All Other 
- 
10 
- 


Low Voltage Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
VLVI 
2.75 
3.75 
4.70 
V 


Input Current 
•.•.A 
TIMER (Vin=0.4) 
- 
- 
20 
INT (Vin = 2.4 V to VCC) 
- 
20 
50 
EXTAL (Vin = 2.4 V to VCC Crystal Option) 
lin 
- 
- 
10 
(Vin=0.4 
V Crystal Option) 
- 
- 
-1600 
RESET IVin = 0.8 V) 
IRES 
-4.0 
- 
-40 
(External Capacitor Charging Current) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
fosc 
0.4 
- 
4.2 
MHz 


Cycle time Wfosc) 
ICYC 
0.95 
- 
10 
•.•.s 


INT, INT2, and TIMER Pulse Width 
tWL,tWH 
tcvc + 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc + 250 
- 
- 
ns 


RESET Delay Time (External Capacitance = 1 •.•.FI 
tRHL 
- 
100 
- 
ms 


INT Zero-Crossing 
Detection Input Frequency 
flNT 
0.03 
- 
1.0 
kHz 


External Clock Input Duty Cycle (EXTALI 
- 
40 
50 
60 
% 


Crystal Oscillator 
Start-Up Time 
- 
- 
- 
100 
ms 
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Characteristic 
Symbol 
Min 
I 
Typ 
Max 
Unit 


Port A with CMOS Drive Enabled 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, 'Load = -100 
/LA 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad = -10 
!LA 
VOH 
VCC-1.0 
- 
- 
V 


Input High Voltage, ILoad = -300 
/LA (max.) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad = - 500 /LA (max.) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current IVin = 2.0 V to Vccl 
IIH 
- 
- 
-300 
!LA 


Hi-Z State Input Current IVin = 0.4 VI 
IlL 
- 
- 
-500 
!LA 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad = - 200 /LA 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
!LA 


Port C and Port A with TTL Drive 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
!LA 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
!LA 


Port C (Open-Drain Option) 


Input High Voltage PCO-PC6 
VIH 
2.0 
- 
13.0 
V 


Input High Voltage PC7 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Leakage Current IVin=13.0 
VI 
ILOD 
- 
<3 
15 
!LA 


Output Low Voltage ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Port 0 (Digital Inputs Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Current 
lin 
- 
<1 
5 
!LA 
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MMD6150 
or Equiv. 


MMD7000 
or Equiv. 


Figure 11. TTL Equivalent Test Load 
(Port BI 
Figure 12. CMOS Equivalent Test Load 
(Port Al 


MMD6150 
or Equiv. 


~ 
VCC=5.75V 
~,."." 


T 30 pF (Total) 


Figure 13. TTL Equivalent Test Load 
(Ports A and C) 
Figure 14. Open-Drain Equivalent Test Load 
(Port CI 


~VDD 
f 
PortA CMOS 


.•• 
Pullup Option 


I 
I 
I 
I 


Figure 18. 1/0 Characteristic 
Measurement Circuit 


I 
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The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 
MOOS, 
disk file 
MS-DOS/PC-DOS 
disk file 
EPROM(s) 
MC68705U3, 
2532, 2732, or two 
2516/2716 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to 
first 
contact 
the local 
field 
service 
office, 
a sales 
person, 


or a Motorola 
representative. 


FLEXIBLE 
DISKS 


Several 
types 
of flexible 
disks 
(MDOS@ 
or MS@-DOS/ 


PC-DOS disk file), 
programmed 
with 
the customer's 
pro- 
gram 
(positive 
logic 
sense for address 
and data), 
may be 


submitted 
for pattern 
generation. 
In either 
case, the dis- 


kette should 
be clearly 
labeled 
with 
the customer's 
name, 


date, 
project 
or product 
name, 
and the 
name 
of the file 
containing 
the pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the 
pattern 
file. 


MOOS 
Disk 
File 


MOOS 
is Motorola's 
Disk Operating 
System 
available 
on the EXORciser@ development 
system. 
The disk media 
submitted 
must 
be a single-side, 
single-density, 
8-inch 
MOOS compatible 
floppy 
diskette. 
The diskette 
must con- 
tain 
the 
minimum 
set of MOOS 
system 
files 
in addition 
to the 
pattern 
file. 
The 
.LO output 
of the 
M6805 
cross 
assembler 
should 
be furnished. 
In addition, 
the file must be produced 
(using 
the ROLLOUT 
command) 
containing 
the absolute 
image 
of the M6805 
memory. 
Include 
the entire 
memory 
image 
of both 
data 
and 
program 
space. 
All 
unused 
bytes, 
in- 
cluding 
those 
in the 
user space, 
must 
be set to zero. 


MS-DOS/PC-DOS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is IBM@ Personal 
Computer 
(PC) Disk Operating 
System. 


Disk media 
submitted 
must 
be a standard 
density 
(360K) 
double-sided 
5 1/4 
inch 
compatible 
floppy 
diskette. 
The 
diskette 
must 
contain 
object 
file 
code 
in Motorola's 
S- 
record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


For the 2532, 2732, or MC68705U3, 
the ROM code should 
be located 
from 
$080 to $F37 and 
the 
interrupt 
vectors 
from 
$FF8 to $FFF. For the 2516s or 2716s, the ROM code 
should 
be located 
from 
$080 to $7FF in the first 
EPROM 
and from 
$0 to $737 in the second 
EPROM. 
The interrupt 
vectors 
should 
be in the 
second 
EPROM 
from 
$7F8 
to 
$7FF. 


xxx 
xxx 
xxx 


= 
= 
~M 
E§ 
"g~ 
§~ 
~~ 
~~ 
~ 
~f8 


080 
800 
080 


xxx~ CustomerID 


VERIFICATION 
MEDIA 


All original 
pattern 
media 
(EPROMs 
or floppy 
disk) are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code 
will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked 
and the verification 
form 
should 
be completed, 
signed, 
and 
returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the 
contractual 


agreement 
for creation 
of the customer's 
mask. To aid in 
the verification 
process, 
Motorola 
will 
program 
customer 


supplied blank 
EPROM(s) 
or DOS disk from 
the data file 
used to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 


be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the 
custom 
mask 
but 
are for 
the 
pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are usually 
unmarked, 
packaged 
in ceramic, 
and tested 


at room 
temperature 
and 
at five 
volts. 
These 
RVUs 
are 
free 
with 
the 
minimum 
order 
quantity 
but 
are 
not 
pro- 
duction 
parts. 
These 
RVUs 
are 
not 
guaranteed 
by 
Mo- 
torola 
Quality 
Assurance. 


ORDERING 
INFORMATION 


The following 
table 
provides 
generic 
information 
per- 
taining 
to the package 
type, 
temperature, 
and 
MC order 
numbers 
for the 
MC6805U3. 


Package Type 
Temperature 
Order Number 


Plastic 
O'C to 70'C 
MC6805U3P 
(P Suffix) 
- 40'C to + 85'C 
MC6805U3CP 


Cerdip 
O'C to 70'C 
MC6805U3S 
S Suffix 
- 40'C to + 85'C 
MC6805U3CS 


PLCC 
O'C to 70'C 
MC6805U3FN 
FN Suffix 
- 40'C to + 85'C 
MC6805U3CFN 


EPROMs 


A MC68705U3, 
2532, 
2732, 
2516 
(2), or 2716 
(2) type 
EPROM(s), 
programmed 
with 
the 
customer's 
program 
(positive 
logic 
sense 
for 
address 
and data) 
may 
be sub- 
mitted 
for pattern 
generation. 
Since all program 
and data 
space 
information 
will 
fit on one 
MC68705U3/2532/2732 
or two 
2516/2716 
type 
EPROM(s), 
the EPROM(s) 
must 
be 
programmed 
as described 
in the following 
paragraph. 


MDOS is a trademark 
of Motorola 
Inc. 
MS is a trademark 
of Microsoft, 
Inc. 


EXORciser is a registered trademark 
of Motorola 
Inc. 
IBM is a registered trademark of International 
Business Machines Corporation. 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-566 


MECHANICAL 
DATA 


PIN ASSIGNMENTS 


Dual-in-Line Package 


vss 
PA7 


RESET 
7 


iNT 
3 


VCC 
• 
PA4 


EXTAL 
5 
PA3 


XTAL 
6 
PA2 


NC 
7 
PAl 


TIMER 
8 
PAO 
I 


PCO 
9 
PB7 


PCl 
10 


PC2 
11 


PC3 
12 
PB4 


PC4 
13 
PB3 


PC5 
1. 


PC6 
15 


PC7 
16 


P07 
17 


PD6I1NT2 
18 
POl 


P05 
19 
P02 


PD4 
20 
21 
P03 


..J 
1>- 
<{ 
w 
~ 
U 
(f) 
U') 
r--. 
(,0 
Ln 
""" 
U x ul~ w 
(,/) <t: 
oct: « <t: U 
zw>_o=:>a..a..a..a..z 


XTAL 


(Vssl NUM 


TIMER 
PCO 
PC1 


PC2 
PC3 
PC4 
PC5 


NC 
PC6 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-567 


MOTOROLA 
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SEMICONDUCTOR -------------- 
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DATA 


Technical Summary 
a-Bit EPROM Microcomputer Unit 


I 


The MC68705P3 (High-Density NMOS) Microcomputer 
Unit (MCU) is an EPROM member of the 
MC6805 Family of microcomputers. 
The user programmable EPROM allows program changes and 
lower volume applications. This low cost MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information 
on the MCU; for detailed infor- 


mation, refer to M6805 HMOS, M146805 CMOS Family User's Manua/ (M6805UM(AD2)) or contact 
your local Motorola sales office. 


Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 


• 
Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 
• 
On-chip Oscillator 
• 
Memory Mapped I/O 
• 
Versatile Interrupt Handling 
• 
Bit Manipulation 


• 
Bit Test and Branch Instruction 
• 
Vectored Interrupts 
• 
Bootstrap program in ROM 
• 
1804 Bytes EPROM 
• 
112 Bytes RAM 
• 
20 nUCMOS 
Compatible Bidirectional I/O Lines 


RESET 
INT 


Vpp 


Accumulator 


PBa 
PBl 


8 
A 
PB2 
Port 


CPU 
Data 
Port 
PB3 
8 


Index 
Control 
Dor 
B 
PB4 
110 


8 
RegIster 


X 


Reg 
Reg 
PB5 
Lines 
PAa 
P86 


Port 


PAl 
Condltlon 
PB7 
PA2 
Port 
Data 
Code 
A 
PA3 
A 
Dor 
RegIster 
CC 


110 
PA4 
Reg 
Reg 
CPU 


LInes 
PA5 
Stack 
PA6 
POinter 


PA7 
5 
5 
pca 
Pon 


Program 
Data 
Port 
PCl 
C 


Counter 
Dor 
C 
PC2 
110 


1804 X 8 
3 
High 
PCH 
Reg 
Reg 
PC3 
Lines 
ALU 
EPROM 
Program 


115X8 
Counter 
8 
Low 
PCL 


Bootstrap 
ROM 


112 X 8 
RAM 
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Vcc AND VSS 
Power is supplied to the microcomputer 
using these 
two pins. VCC is + 5.25 volts (± O.5Al power, and VSS is 
ground. 


Vpp 
This pin is used when programming 
the EPROM. In 
normal operation, this pin is connected to VCC. 


INT 
This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER· 
RUPTS for more detailed information. 


EXTAL,XTAL 
These pins provide control input for the on-chip clock 
oscillator 
circuit. A crystal, a resistor/capacitor 
combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by the ClK 
bit in the mask option register. 


RC Oscillator 
With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and' fosc is shown in Figure 2. 


Crystal 
The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 


5 XTAl 
CJ 
MCU 


4 EXTAl 
Ic,z~~lb~~t~.n. 


Cl .::r: 
See Note 11 


(See 
Note 
21 
-= 


External 
- 


Clock 
Inpul 


C, 


EXTAL~~XTAL 


4 
~W 
5 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 


Co"'7pFMax 
Freq 
- 4.0 
MHz@Cl 
= 24 pF 
RS '" 50 ohms 
Malt. 


PiezoelectriC 
ceramiC 
resonators 
which 


have the eqUIvalent 
speCIficatIons 
may be 


used 
Instead 
of crystal 
OSCillators 
Follow 
ceramic 
resonator 
manufa.:turer's 
sug- 


gestions 
for Co. C" 
and 
RS values 


8.0 


70 


i' 60 
~ 
g 5.0 
j 40 


0 30 
~ 20 
0 


10 


00 
10 
20 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option only 


are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time . 


External Clock 
An external clock should be applied to the EXTAl input 
with the XTAl 
input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 
This pin is used as an external input to control the 
internal timer/counter 
circuitry. This pin also detects a 


MCU 


4 EXT AL 
(C~V~~'b~~t~,n, 


See Note 
11 


MCU 
(RC Option, 
MOAb]",l, 


See Note 
11 


ApprOllimately 
25% to !)()Qo 
Accwacy 


TVPlcallcvc'" 
1 25 ~s 


ElIlernal Jumper 


MCU 
IRC OpllOn. 


EXTAL 
MOR 
b7= 
1, 


See Note 
1) 


Approxlmaletv 
10% 10 25% Accuracy 


Ib:ctudes 
Resistol 
TolerdnceJ 


Ell.lernal ReslSlol 


NOTES: 


1. When the TIMER input pin is in the VIHTP range (in the bootstrap EPROM programming 
mode), the crystal option is forced. 


When the TIMER input is at or below VCC,the clock generator option is determined by bit 7 of the mask option register (ClK). 


2. The recommended Cl value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAl pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAl and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 
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• 


higher voltage level used to initiate the bootstrap pro- 
gram. 


RESET 


This pin has a Schmitt trigger 
input and an on-chip 
pullup. The MCU can be reset by pulling RESETlow. Refer 
to RESETSsection for more detail. 


INPUT/OUTPUT UNES IPAO-PA7,PBo-PB7,PCO·PC3) 


These 20 lines are arranged into two a-bit ports (A and 
B) and one 4-bit port (C). All lines are programmable 
as 
either inputs or outputs under software control of the 
data direction registers. Refer to PROGRAMMING for ad- 
ditional information. 


INPUT/OUTPUT PROGRAMMING 


Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DDR); DDRsalways read "'''. 
The 
port I/O programming 
is accomplished 
by writing 
the 
corresponding bit in the port DDRt0 a logic' 
for output 
and a logic 0 for input. On reset, all the DDRsare initialized 
to a logic 0 state to put the ports in the input mode. The 


Dati 
DirectionRegistar 
Bit- 


Latched 
Output 


Data 
BIt 


port output registers are not initialized on reset and should 
be written to before setting the DDR bits. 


When programmed as outputs, the latched output data 


is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write 
instructions 
since the data read corresponds to the pin level if the 
DDR is an input (0) and also the latched output when the 
DDR is an output ('). Refer to Table' 
for I/O functions 


and to Figure 3 for typical port circuitry. 


Data 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi-Z*· 
Pin 


"Ports A (with CMOSdrive disabled).B, and C are three state 
ports. PortA has optional internal pullup devicesto provide 
CMOSdrive capability.SeeElectricalCharacteristictablesfor 
completeinformation. 


PORTDATAREGISTER 
7 
0 
1 
1 


PortA Addr= $000 


. PortBAddr= $001 
PortCAddr=$002(Bits0-31 


(il WriteOnly;readsasan"Is" 
(211- Output;O-Input. Clearedto 0 by_. 
(31PortA Addr· $004 
PortB Addr- $OC6 
PortCAddr. $OC6(Bits0-31 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-570 


The MCU is capable of addressing 2048 bytes of mem- 


ory and 1/0 registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
RAM, a mask option register (MOR), a program control 
register, and 110. The interrupt vectors are located from 
$7F8 to $7FF.The bootstrap is a mask-programmed ROM 
that allows the MCU to program its own EPROM. 


The stack area is used during processing of an interrupt 


or subroutine call to save the CPUstate. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten 
due to stacking from an interrupt 
or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 


lowing paragraphs. 


ACCUMULATOR 
(AI 


The accumulator 
is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 
0 
CXXl 
sooo 
110 Ports 
Timer 


Page Zero 
and 


Access 
wIth 
RAM 


Short 
127 
11288ytesl 


Instructions 
128 
Page Zero 


User 
EPROM 


2 
11288ytesl 


256 ----- 


Main 
User 


EPROM 


11668 8ytesl 


---- 


S783 


Mask 
Option 
Reg 
S784 


Bootstrap 
S785 


ROM 


1115 Bytesl 


S7F7 


Timer Interrupt 
S7F8 
---- 
S7F9 


Exlernallnterrupt 
S7FA 
---- 
$7FB 


SWI 
$7FC 
---- 
$7FO 


Reset 
$7FE 
$7FF 


2039 


{ 


2040 
2041 
2042 
Interrupt 
2043 


Vectors 
2044 


2045 
2046 
2047 


o 


=====A=====I 


INDEX REGISTER (Xl 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 
0 
I 
X 
I 


PROGRAM COUNTER (PCI 


The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 


10 
8 7 
0 
I 
PCH 
I 
PCl 
I 


STACK POINTER (SPI 


The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 


7 
6 
5 
4 
3 
2 
1 
0 


0 
Port 
A 
SCXXl 


Port 
B 
S001 


2 
1 
1 
1 
1 
Port 
C 
S002 


3 
Not Used 
$003 


4 
Port 
A OOR· 
SOO4 


5 
Port 
BOOR· 
SOO5 


6 
1 
1 
1 
PortC 
OOR 
$006 


7 
Not Used 
$007 


8 
T tmer Data 
Reg 
$008 


9 
Timer 
Control 
Reg 
$009 


10 
Not Used 
$ooA 


11 
ProgrammIng 
S008 
Control 
Re 


12 
SooC-ooF 
15 
Not Used 


16 
SOlO 
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The six most-significant 
bits 
of the stack 
pointer 
are 
permanently 
set at 000011. 
Subroutines 
and interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 
mum), 
which 
allows 
the 
programmer 
to use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


10 
5 
4 
0 


~ 
SP 
I 


CONDITION 
CODE REGISTER (CCI 


The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate 
the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program, 
and specific 
actions 
can be taken as a result of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 
4 
0 
[ilililili] 


Half Carry (HI 


This 
bit is set during 
ADD and ADC operations 
to in- 
dicate 
that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
(Nl 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result 
is a logic 
1). 


Zero (ZI 


When 
set, this 
bit indicates 
that the result 
of the 
last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
(CI 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


The MCU can be reset two 
ways: 
by initial 
power-up 
and by the external 
reset input (RESET). The RESET in£!!,! 
consists 
mainly 
of a Schmitt 
trigger 
that senses the RE- 
SET line logic 
level. 


POWER·ON·RESET 
(PORI 


An internal 
reset is generated 
on power-up 
that allows 
the 
internal 
clock 
generator 
to stabilize. 
The 
power-on 
reset 
is used 
strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect any drop in the power supply 
voltage. 
A delay of tRHL milliseconds 
is required 
before 


allowing 
the 
RESET input 
to go high. 
Connecting 
a ca- 
pacitor 
to the 
RESET input 
(Figure 
5) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic 
zero is applied 
to the 
RESET input for a period 
longer 
than one machine 
cycle 
(leyel. Under this type of reset, the Schmitt trigger 
switches 
off at VIRES - 
to provide 
an internal 
reset voltage. 


The MCU can be interrupted 
three 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with 
the 
internal 
timer 
interrupt 
request, 
or (3) using the software 
interrupt 
instruction 
(SWI). 


Interrupts 
cause the processor 
registers 
to be saved on 
the 
stack 
and the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from 
the stack and then 
normal 
processing 
resumes. 
The stacking 
order is shown 
in Figure 
6. 
Unlike 
RESET, hardware 
interrupts 
do not cause 
the 
current 
instruction 
execution 
to be halted 
but 
are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


NOTE 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being 
operated 
on. 


5 
4 
3 
2 
Condition 
Code Register 


PUSh 
• For subroutine calls, only PCH and PCl are stacked. 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt 
processing; other- 


wise, the next instruction is fetched and executed. Masked 
interrupts 
are latched for later interrupt 
service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction 
regardless of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


an interrupt request is generated. The actual processor 
interrupt is generated only ifthe interrupt mask bit ofthe 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the I bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTIinstruction which restores the machine state 
and starts executing the interrupted program. 


TIMER INTERRUPT 


If the timer mask bit (TCR6)is cleared, then, each time 
the timer decrements to zero (transitions from $01to $00), 


EXTERNAL INTERRUPT 


The external interrupt 
is interna!!'Lsynchronized 
and 
then latched on the falling edge of INT. Clearing the I bit 
enables the external interrupt. The following 
paragraphs 
describe two typical external interrupt circuits. 


1-1 Bit I," CCI 


07F-SP 


O-DDRs 
CLR 
INT LogiC 


FF-Tlmer 
7F-Prescaler 
7F-TCR 


Load 
PC From 
SWI 
7FC17FD 
INT 
7FA17FB 
TIMER. 
7FB17F9 


Load 
PC 
from 
7FE17FF 
Execute 
All 


Instruction 
Cycles 
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• 


• 


Zero-Crossing 


A sinusoidal 
input signal 
(fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 8a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and thereby 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Fibure 8bl. the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
freque~of 
a 
signal 
that 
can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, !WH. 


Refer to TIMER for additional 
information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 


lac 
(Current 


nput 


(fINTMaX'I~llm'llng) 
2 im 
As' 
MO 


ac Inputs 
R 
01-10 
10 Vac P-P 
".• F' 


is zero, SWI executes 
after the other 
interrupts. 
The SWI 
execution 
is similar 
to the hardware 
interrupts. 


The MCU consists 
of an 8-bit software 
programmable 


counter 
driven 
by a 7-bit 
software 
programmable 
pres- 


caler. Various 
timer 
sources 
are made via the timer 
con- 
trol register 
(TCR). The 8-bit counter 
may be loaded under 
program 
control 
and is decremented 
toward 
zero. When 
the timer 
reaches zero, the timer 
interrupt 
request 
bit (bit 
7) in the timer 
control 
register 
(TCR) is set. Refer to Figure 
9 for timer 
block diagram. 


Timer interrupt 
can be masked (disabled) 
by setting 
the 
timer 
interrupt 
mask bit (bit 6) in the TCR. When the I bit 
in the condition 
code register 
is cleared, 
and TCR bit 6 is 
cleared, 
the 
processor 
receives 
the 
interrupt. 
The 
MCU 
responds 
to this 
interrupt 
by 1) saving 
the present 
CPU 
state on the stack, 2) fetching 
the timer 
interrupt 
vector, 


(bJ Digital-Signal 
Interrupt 


VCC 


TTL 
level 
0'91tal 
Input 
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and 
3) executing 
the 
interrupt 
routine. 
Timer 
interrupt 
request 
bit must be cleared by software. 
Refer to RESETS 
and INTERRUPTS 
for additional 
information. 
The prescaler 
is a 7-bit divider 
which 
is used to extend 
the 
maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 
a logic 
1; however, 
TCR bit 3 always 
reads as a logic 
0 
to 
ensure 
proper 
operation 
with 
read-modify-write 
in- 


structions. 
The timer 
continues 
to count past zero, falling 
from $00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time by reading 
the timer 
data register 
(TOR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 
turbing 
the counting 
process. TOR is unaffected 
by reset. 


SOFTWARE 
CONTROLLED 
MODE 


The timer 
prescaler 
input 
can be configured 
for three 
different 
operating 
modes 
plus a disable 
mode, 
depend- 
ing on the value written 
to TCR control 
bits 4 and 5 (TIE 
and TIN). The following 
paragraphs 
describe 
the different 
modes. 


Timer 
Input 
Mode 
1 


When 
TIE and TIN are both 
programmed 
to zero, the 
timer 
input 
is from 
the internal 
clock (phase 
2) and the 
timer 
input 
pin is disabled. 
The internal 
clock mode can 
be used 
for 
periodic 
interrupt 
generation 
as well 
as a 
reference 
for frequency 
and event 
measurement. 


Timer 
Input 
Mode 
2 


When 
TIE = 1 and TIN = 0, the 
internal 
clock 
and the 
timer 
input 
signals 
are ANDed 
to form 
the timer 
input. 


This mode can be used to measure 
external 
pulse widths. 


The active 
high, external 
pulse gates in the internal 
clock 
for the 
duration 
of the external 
pulse. 
The accuracy 
of 
the count 
is ± 1. 


Timer 
Input 
Mode 
3 


When TIE = 0 and TIN = 1, no prescaler 
input frequency 
is applied 
to the prescaler 
and the timer 
is disabled. 


Timer 
Input 
Mode 
4 


When TIE and TIN are both one, the timer 
input 
is from 
the external 
clock. The external 
clock can be used to count 
external 
events 
as well 
as to 
provide 
an external 
fre- 
quency 
for generating 
periodic 
interrupts. 


MOR CONTROLLED 
MODE 


This 
mode 
is selected 
when 
TOPT (bit 6) in the MOR 
is programmed 
to logic 1. The timer 
circuits 
are the same 
as described 
in SOFTWARE 
CONTROLLED 
MODE. 
The 
logic 
levels 
of TCR bits 
0, 1, 2, and 
5 are determined 
during 
EPROM programming 
by the same bits in the MOR. 


Therefore, 
bits 0, 1,2, and 5 in the MOR control 
the pres- 
caler division 
and the timer 
clock selection. 
TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic 
1 when 
in the 
MOR 
controlled 
mode. 
TIM 
(bit 
6) and 
TIR (bit 
7) are 
controlled 
by the counter 
and software. 


TIMER CONTROL 
REGISTER ITCR) $009 


This is an B-bit register 
that controls 
various 
functions 
such as configuring 
operation 
mode, 
setting 
ratio of the 
prescaler, 
and generating 
timer 
interrupt 
request 
signal. 


All 
bits 
are 
read/write 
except 
bit 
3. When 
the 
MOR 
TOPT= 
1, then 
bits 5, 2, 1, and 0 in the TCR take on the 
corresponding 
bits of the MOR during 
reset. 


7654321 


RESET: 


o 
1 
U 
U 


TCR with MaR TaPT = 1 IMC6805P2IP6 Emulation) 


RESET: 


o 
1 


TCR with MaR TaPT = 0 ISoftware Programmable Timer) 


TIR - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 
1 = Set when the timer 
data register 
changes 
to all 
zeros 
0= Cleared 
by external 
reset, 
power-on 
reset, 
or 
under 
program 
control 


TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt. 


1 = Interrupt 
inhibited 
0= Interrupt 
enabled 


TIN - 
External 
or Internal 
Selects 
input 
clock source 
1 = External 
clock selected 
a = Internal 
clock selected 
(fosc/4) 


TIE - 
TIMER External 
Enable 
Used to enable 
external 
TIMER pin 
1= Enables 
external 
timer 
pin 
a = Disables 
external 
timer 
pin 


PSC - 
Prescaler 
Clear 
Write 
only bit. Writing 
a 1 to this bit resets the pres- 
caler to zero. A read of this location 
always 
indicates 
a zero. 


PS2, PS1, PSO- 
Prescaler 
Select 
Bits 
Decoded 
to select one of eight 
outputs 
of the pres- 
caler 


PS2 
PSI 
PSO 
Prescaler Division 


a 
a 
0 
1 (Bypass 
Presealer) 


0 
a 
1 
2 


a 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


I 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-575 


I 


MASK 
OPTION 
REGISTER 
(MOR) 


The MOR is implemented in EPROM and contains all 
zeros prior to programming. This register is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 


CLK - 
Clock (oscillator type) 
1= Resistor Capacitor (RC) 
0= Crystal 
TOPT - 
Timer Option 
1= MC6805P2/P6 
type timer/prescaler. All bits ex- 
cept 6 and 7 ofthe TCRare invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent 
MC6805P2/P6 
mask options. 


0= All TCRbits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 
CLS - 
Timer/Prescaler Clock Source 
1= External TIMER pin 
0= Internal clock 
TIE - 
Timer External Enable 
Not used if TOPT= 1. Sets the initial value of TIE in 
the TCR if TOPT= O. 


1=Not used 
0= Sets initial value of TIE in the TCR 
P2, Pl, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 


P2 
Pl 
PO 
PrescalerDivision 


0 
0 
0 
1 (BypassPrescaler) 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


PROGRAMMING 
CONTROL 
REGISTER 
(PeRI 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM.The bootstrap 
program 
manipulates the PCR when programming, 
so 
the user need not be concerned with PCRin most appli- 
cations. 


PLE- 
Programming 
Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 


1= Read EPROM 
0= Latch address and data on EPROM 
PGE- 
Program Enable 
Enables programming 
of EPROM. Must be set when 
changing the address and data. Set during reset. 


1= Inhibit EPROM programming 
0= Enable EPROM programming 
(if PLE is low) 
VPON - 
Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to "1 ", disconnects PGEand PLEfrom 
the chip. 


1= No high voltage on Vpp pin 
0= High voltage on Vpp pin 


NOTE 


VPON being "0" does not indicate that the Vpp level 
is correct for programming. 
It is used as a safety 
interlock for the user in the normal operating mode. 


VPON 
PGE 
PLE 
ProgrammingConditions 


0 
0 
0 
ProgrammingMode(ProgramEPROM 
Byte) 


1 
0 
0 
PGEand PLEDisabledfrom System 


0 
1 
0 
ProgrammingDisabled(LatchAddress 
and Datain EPROM) 


1 
1 
0 
PGEand PLEDisabledfrom System 


0 
0 
1 
Invalid State: PGE= 0 if PLE= 0 


1 
0 
1 
Invalid State: PGE= 0 if PLE= 0 


0 
1 
1 
"High Voltage" on Vpp 


1 
1 
1 
PGEand PLEDisabledfrom System 
(OperatingMode) 


PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. 
A 2764 UV EPROM must first be programmed with the 
same information 
that is to be transferred to the MCU 
EPROM. Refer to application note, MC68705P31R3IU3 
8-bit EPROM Microcomputer 
Programming 
Module 
(AN-857 Rev 2) for a schematic diagram and instructions 
on programming 
the MCU EPROM. 


EMULATION 


The MC68705P3emulates the MC6805P2and MC6805P6 
"exactly." 
The MC6805P2/P6 
mask features are imple- 
mented in the mask-option register (MOR) EPROM byte 
on the MC68705P3. A few minor exceptions to the ex- 
actness of emulation are listed below: 


1. The MC68705P2/P6 
"future 
ROM" area is imple- 


mented in the MC68705P3,and these 704 bytes must 
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be left 
unprogrammed 
to 
accurately 
simulate 
the 
MC6805P2IP6. 
The MC6805P2/P6 
read all "Os" from 
this 
area. 


2. The 
reserved 
ROM 
areas 
in the 
MC6805P2/P6 
and 
the 
MC68705P3 
have different 
data stored 
in them. 
This 
data 
is subject 
to change 
without 
notice. 
The 
MC6805P2/P6 
use the 
reserved 
ROM 
for 
the 
self- 
check feature, 
and the MC68705P3 
uses this area for 
the bootstrap 
program. 


3. The MC6805P2/P6 
read all "1s" 
in its 48-byte 
"future 
RAM" 
area. 
This 
RAM 
is not 
implemented 
in the 
MC6805P2/P6 
mask 
ROM 
versions 
but 
is 
imple- 
mented 
in the 
MC68705P3. 


4. The Vpp 
line (pin 6) in the MC68705P3 
must 
be tied 
to VCC for 
normal 
operation. 
In the 
MC6805P2IP6, 
pin 
6 is the 
NUM 
pin 
and 
is grounded 
in normal 
operation. 


5. The 
LVI feature 
is not available 
in the 
MC68705P3. 
Processing 
differences 
are not presently 
compatible 
with 
proper 
design 
of this 
feature 
in the 
EPROM 
version. 


The 
operation 
of all 
other 
circuitry 
has been 
exactly 
duplicated 
or designed 
to function 
identically 
in both 
de- 
vices 
including 
interrupts, 
timer, 
data ports, 
and data di- 
rection 
registers 
(DDRs). A design 
goal has been to provide 
the user with 
a safe, inexpensive 
way to verify 
a program 
and 
system 
design 
before 
committing 
to a factory 
pro- 
grammed 
ROM. 


The MCU 
has a set of 59 basic 
instructions 
which 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is either 
the accumulator 
or the index 
register. 
The 
other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The 
jump 
unconditional 
(JMP) 
and 
jump 
to 
subroutine 
(JSR) 
instructions 
have 
no register 
operand. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Function 
Mnemonic 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump 
to Subroutine 
JSR 


These 
instructions 
read 
a memory 
location 
or a reg- 


ister, 
modify 
or test 
its contents, 
and write 
the modified 


value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
• 
negative 
or zero (TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does 
not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 
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Function 
Mnemonic 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if lower) 
(BlO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEa 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPl 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt 
Line is low 
Bil 


Branch if Interrupt 
line 
is High 
BIH 


Branch to Subroutine 
BSR 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 


gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
ClC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software 
Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the first 
256 bytes 
of the memory 
space, where 
all port registers, 
port DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An additional 
feature 
allows 
the 
soft- 
ware 
to test 
and 
branch 
on the 
state 
of any 
bit within 
these 
256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For test 
and 
branch 
instructions, 
the value 
of 
the bit tested 
is also placed 
in the carry bit ofthe 
condition 


code 
register. 
Refer to the following 
list for 
bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n = 0 ... 
7) 


Branch if Bit n is Clear 
BRClR n (n=O ... 
7) 


Set Bit n 
BSET n (n = 0 ... 
7) 


Clear Bit n 
BClR n (n = 0 ... 
7) 


OPCODE 
MAP SUMMARY 


Table 
2 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 


vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data 
tables, 
code 
cov- 
ersion 
tables, 
and scaling 
tables 
anywhere 
in the memory 
space. 
Short 
indexed 
accesses 
are single 
byte 
instruc- 


tions, 
while 
the longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and long ab- 
solute 
addressing 
is also 
included. 
Two 
byte 
direct 
ad- 
dressing 
instructions 
access 
all 
data 
bytes 
in 
most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 


tions 
to reach 
all memory. 


The term 
"effective 
address" 
(EA) is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 


tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access 
constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte 
following 
the 
opcode 
byte. Direct 
addressing 
allows 
the user to directly 
address 
the 
lowest 
256 
bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the two 
bytes 
following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode 
are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 


RELATIVE 


The 
relative 
addressing 
mode 
is only 
used 
in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed 
byte (the offset) 
following 
the opcode 
is added 
to the 
PC if, and only 
if, the 
branch 
conditions 
are true. 
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BCL~~c 


BSE~~c 


BCL~~c 


8CL~~r 
BM~~I 


BSE~t 
BM~" 


Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Set! Cleor 
Bit Test and Branch 
Indexed 
INo Offsetl 


Indoxed. 
1 Byte IB-Bitl 
Offset 


Indexed. 
2 Byte 116-Bitl Offset 


· 
. 
COM~H 
1 COM~ •• 
· 
. 
· 
. 


RORn,A 
AOR~H 
1 ROA~Nt-< 
· 
. 
ASAnlR 
1 ASR~H 
1 ASR~H 
· 
. 
L5lniR 
1 lSl~NH 
1 LSL~"'H 
· 
. 
ROLDIR 
,AOL~NH 
\ ROL~NH 


• 
• 
7 


DECnlR 
1 OEC~NH 
1 OEC~NH 
2 


,,\, 
•• 
NEG 


1 
IX 
\• 
1 
ATS 
1NH 


• 


COM 


1 
.." 
\ 
COM 
IX 


• 


7 
• 


AQA 
ADA 


1.111 
1 
IX 


7 
• 


ASR 


IXI 
1• 


, of Cycles 


Mnemonic 
Bytes 


CLC,"" 


SEC 
'N" 


• 


BI~MM 


LOA 


'MM 


ADC 
IMM 
2 


ORA 


'MM 


ADOnlR 


JMPnlR 


BSARH 
2 
JSA DIR 


,:., 


SUBn, • 


CMP 
D1R 


SBCn,. 


CPXnlR 


ANOnl", 


lOAnlR 
LD~XT 


STAnlR 
ST.6;,XT 


EOR nlR 
EOR~XT 


ADC 
ADC 
DIR 
3 
EXT 


ORAnlR 
3 
OR~XT 


,:m 


SU~" 


CM~XT 


SB~XT 


CP~XT 


AN~XT 


AO~XT 


JM~XT 


JSR[XT 


,fn, 


SUB,x, 


CMP 


IX 


,,".• 


SUB,x, 


CMP 


lXl 
I 


SBCIX, 
1 
SBC 
'x 
cJ,o 


cpx,x, 
1 
CPX 
IX 
cJ" 


AND •• , 
AND 
'x 
0:'... 


LOA,., 
LOA 
•• 


STA,x, 
~ 
STA 
'x 
STA,x, 


EoR 
'x 
EoR •• , 
, 


ADe 
IXI 
I 


ADD 
ADD 


IXI 
I 
IX 


JMP 
J 
JMP 
Uti 
I 
IX 


LDX01R 
J 
LOX EXT 
lOX •.•." 
lOX,,,,, 
1 
LOX IX 


STX 
STX 
STX' 
STX 
' 
STX 


2 
OIR 
3 
EXT 
3 
IX] 
2 
IXl 
1 
IX 


1111 
Hl 


lDw 


SUB 
'x 
J., 


• 


Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from - 126 to + 129 from 
the opcode address. 


INDEX, 
NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or 1/0 location. 


INDEXED, 
a-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following 
the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning 
of the table in the instruction. 
As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. 


BIT SET/ClEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following 
the 
opcode specifies the direct addressing of the byte to which 


the specified bit is to be set or cleared. Any readlwrite 
bit in the first 256 locations of memory, including 1/0,can 
be selectively set or cleared with a single 2-byte instruc- 
tion. 


CAUTION 


The corresponding 
DDRs for ports A, B, and Care 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers always 
returns "1". Since BSETand BClR are read-modify- 
write functions, they cannot be used to set or clear 
a DDR bit (all "unaffected" 
bits would be set). It is 
recommended that all DDR bits in a port be written 
using a single-store instruction. 


BIT TEST AND 
BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately 
following 
the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PCif the specified bit is set or cleared 
in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from 
-125 
to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition 
code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction 
with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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For most 
applications 
PI/O<P,NT 
and can be neglected. 


The following 
is an approximate 
relationship 
between 
Po and TJ (if PI/a 
is neglected): 
Po = K -;-(TJ + 273°C) 
(2) 
Solving 
equations 
(1) and (2) for 
K gives: 


K= PO' 
(TA + 273°C) + 6JA' 
P02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. 
K 
can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA. Using 
this 
value 
of 
K, 


the values 
of Po and TJ can be obtained 
by solving 
equa- 


tions 
(1) and (2) iteratively 
for any value 
of TA' 


Retlng 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to +7.0 
V 


Input Voltages 
EPROM Programming 
Voltage 
Vpp 
- 0.3 to + 22.0 
V 
(Vpp Pin) 
Vin 
-0.3 
to + 7.0 
V 
TIMER Pin (Normal 
Mode) 
TIMER Pin (Bootstrap 
Vin 
-0.3 
to + 15.0 
V 
Programming 
Mode) 
Vin 
-0.3 
to + 7.0 
V 
All Others 


Operating 
Temperature 
Range 
TA 
Tl to TH 
°c 


o to + 70 


Storage Temperature 
Range 
Tsta 
-55 
to + 150 
·C 


Junction 
Temperature 
TJ 
·CIW 
Cerdip 
150 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
9JA 
·CIW 
Cerdip 
60 


POWER 
CONSIDERATIONS 


The 
average 
chip-junction 
temperature, 
TJ' in °c can 
be obtained 
from: 


TJ=TA+(PO'6JA) 
(1) 
where: 


TA 
6JA 


Po 
PINT 
PI/a 


= Ambient 
Temperature, 
°c 
= Package 
Thermal 
Resistance, 


Junction-to-Ambient, 
·CIW 


= P,NT+P,/O 
= 'CCxVCC' 
Watts 
- Chip 
Internal 
Power 
= Power 
Oissipation 
on Input 
and Output 


Pins - User 
Oetermined 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, normal pre- 
cautions be taken to avoid application 
of any 


voltage 
higher 
than 
maximum-rated 
volt- 


ages to this high-impedance circuit. For proper 
operation, 
Vin and Vout 
should 
be con- 


strained to the range VSS '" (Vin or Vout) '" 
VCC' Reliability 
of operation 
is enhanced if 


unused inputs except EXTAl 
are tied to an 
appropriate 
logic voltage 
level (e.g., either 
VSS or Vccl· 


Vee~5 
75V 
Vec=575V 


Test 
lest 
MMD6150 


POint 
POInt 
or EqUiv 
297 kll 


40 pF 
:ll pF 
24 kll 
MMD7000 


1T0tail 
1T0tail 
or Equtv 


Figure 
10. TTL Equivalent 
Test 
Load 
(Port 
BI 
TeSIPo.nt~ I:ll pF ITolall 


Figure 
11. CMOS 
Equivalent 
Test 
Load 
(Port 
AI 


Figure 
12. TTL Equivalent 
Test 
Load 
(Ports 
A and CI 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 


RESET (4.75 '" VCC '" 5.75) 
4.0 
- 
VCC 
(VCe:. 
4.75) 
VCC -0.5 
- 
VCC 
INT 14.75 '" VCC '" 5.75) 
4.0 
"" 
VCC 
(VCC < 4.75) 
VCC -0.5 
"" 
VCC 
All Other 
2.0 
- 
VCC 


Input High Voltage ITIMER Pinl 
VIH 
V 
Timer Mode 
2.0 
- 
VCC 
Bootstrap 
Programming 
Mode 
9.0 
12.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
-0.3 
- 
0.8 
INT 
-0.3 
"" 
1.5 
All Other 
-0.3 
- 
0.8 


Internal Power Dissipation (No Port Loading, VCC= 5.25 V, 
PINT 
- 
450 
TBD 
mW 
TA=O·C) 


Input Capacitance 
Cin 
pF 
XTAL 
- 
25 
- 
All Other 
- 
10 
- 


INT Zero-Crossing 
Voltage, through 
a Capacitor 
VINT 
2.0 
- 
4.0 
VacD-D 


RESET Hysteresis Voltage 
V 
Out of Reset Voltage 
VIRES+ 
2.1 
- 
4.0 
Into Reset Voltage 
VIRES- 
0.8 
- 
2.0 


Programming 
Voltage (Vpp Pin) 
Vpp" 
V 
Programming 
EPROM 
20.0 
21.0 
22.0 
Operating 
Mode 
4.0 
VCC 
5.75 


Input Current 
lin 
!-LA 
TIMER (Vin~0.4 
V) 
- 
- 
20 
INT IVin = 0.4 V) 
- 
20 
50 
EXTAL (Vin ~ 2.4 V to VCC Crystal Option) 
- 
- 
10 


(Vin = 0.4 V Crystal Option) 
- 
- 
-1600 
RESET (Vin = 0.8 V) 
-4.0 
- 
-40 
(External Capacitor Changing Current) 


"Vpp is pin 6 on the MC68705P3 and is connected to VCC in the normal operating 
mode. In the MC6805P2, pin 6 is NUM and is 
connected to VSS in the normal operating 
mode. The user must allow for this difference 
when emulating 
the MC6805P2 ROM- 
based MCU. 


""Due to internal biasing, this input Iwhen not usedl floats to approximately 
2.0 V. 
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Characteristic 
I 
Symbol 
Min 
I 
Typ 
Max 
Unit 


Port A 


Output Low Voltage, ILoad ~ 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
!LA 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad= -10 
!LA 
VOH 
VCC -10 
- 
- 
V 


Input High Voltage, ILoad = - 300 v-A (Max) 
VIH 
2.0 
- 
VCC +0.7 
V 


Input Low Voltage, ILoad = - 500 !LA (Max) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to Vccl 
IIH 
- 
- 
-300 
!LA 


Hi-Z State Input Current (Vin = 0.4 V) 
IlL 
- 
- 
-500 
!LA 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
(VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad~ 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad = - 200 !LA 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
20 
!LA 


Port C 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
v-A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
20 
v-A 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
lose 
MHz 


Normal 
0.4 
- 
4.2 


Instruction 
Cycle Time (41losc) 
tcvc 
0.950 
- 
10 
v-s 


INT or Timer Pulse Width (See Interrupt Section) 
twL,twH 
tcvc+250 
- 
- 
ns 


RESET Pulse Width 
IRWL 
Icvc+25O 
- 
- 
ns 


RESET Delay Time (External Cap = 1.0 v-FI 
tRHL 
100 
- 
- 
ms 


INT Zero Crossing Detection Input Frequency 
liNT 
0.03 
- 
1.0 
kHz 


Exlernal Clock Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 


PROGRAMMING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 
IVCC= 
+ 5.25 ±0.5 Vdc, VSS=O Vdc, TA=20' 
to 30'C, unless 
otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage (Vpp Pin) 
VPP 
20.0 
21.0 
22.0 
V 


VPP Supply Current 
Ipp 
mA 
Vpp=5.25 
V 
- 
- 
8 
Vpp=21.0 
V 
- 
- 
30 


Programming 
Oscillator 
Frequency 
losco 
0.9 
1.0 
1.1 
MHz 


Bootstrap 
Programming 
Mode Voltage (TIMER Pin) lin = 100 
VIHTP 
9.0 
12.0 
15.0 
V 
!LA Max 
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Port DDR 
Port Data 


Vary V, 
Measure 
I 


V 


The following 
table 
provides 
generic 
information 
pertaining 
to the package 
type, temperature, 
and MC order 
numbers 
for the 
MC68705P3. 
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Port DDR 
Port Data 


~ 
To 110 Logic 
:r 


Figure 17. 110 Ch.rllCterlstic 
Me.surement 
Circuit 


Intemel Clock 
Peckege Type 
Frequency (MHzl 
Tempereture 
Order Number 


Cerdip (S Suffix) 
1.0 
0' to 70'C 
MC68705P3S 


Cerdip (S Suffix) 
1.0 
-40' 
to +85'C 
MC68705P3CS 


Vss 
REm 


iNT 
27 
PA7 


26 
PM 


25 
PA5 


24 
PA4 


23 
PA3 
0 


PAQ 


PBl 
13 
• 


pa2 
14 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit EPROM Microcomputer Unit 


The MC68705P5 
(High-Density 
NMOS) 
Microcomputer 
Unit (MCU) is an EPROM member 
of the 
MC6805 Family 
of microcomputers. 
The user programmable 
EPROM allows 
program 
changes 
and 
lower 
volume 
applications. 
This low cost MCU has parallel 
I/O capability 
with 
pins programmable 
as input 
or output. 
This publication 
contains 
condensed 
information 
on the MCU; for detailed 
infor- 


mation, 
refer to M6805 
HMOS, 
M146805 
CMOS Family 
User's 
Manual 
(M6805UM(AD2)) 
or contact 
your 
local Motorola 
sales office. 


Refer to the block diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
112 Bytes RAM 


• 
1804 Bytes EPROM 


• 
20 nUCMOS 
Compatible 
Bidirectional 
1/0 Lines 


• 
EPROM Security 
Features (Hardware 
and Software) 


• 
Memory 
Mapped 
1/0 


• 
Versatile 
Interrupt 
Handling 


• 
Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
Vectored 
Interrupts 


RESET 
INT 


Vpp 


Accumulator 
PBa 
PBl 
8 
A 
PB2 
Port 


CPU 
Data 
Port 
B 
PB3 
Index 
Control 
Dif 
B 
PB4 
110 


8 
Register 


X 


Reg 
Reg 
PB5 
LInes 


PAa 
PB6 


Port 
PAl 
Condition 
PB7 


PA2 
Port 
Data 
Code 


A 
PA3 
A 
Dif 
5 
RegIster 
CC 


110 
PA4 
Reg 
Reg 
CPU 


Lines 
PA5 
Stack 


PA6 
POinter 


PA7 
SP 
pca 
Port 


Program 
Data 
Port 
PCl 
C 


Counter 
Dif 
C 
PC2 
110 


1804 X 8 
3 
HIgh 
PCH 
Reg 
Reg 
PC3 
Lines 
AlU 


EPROM 
Program 


115 X 8 
Counter 
8 
low 
PCl 


Bootstrap 
ROM 


112X8 


RAM 
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VCC AND 
VSS 


Power 
is supplied 
to the 
microcomputer 
using 
these 
two 
pins. 
VCC is + 5.25 volts 
(:!: 0.5M 
power, 
and VSS is 
ground. 


Vpp 


This 
pin 
is used 
when 
programming 
the 
EPROM. 
In 
normal 
operation, 
this 
pin is connected 
to VCC. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 


plying 
an external 
interrupt 
to the MCU. 
Refer to INTER- 
RUPTS 
for more 
detail 
information. 


EXTAL,XTAL 


These 
pins 
provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
is connected 
to these 
pins 
to provide 
a system 
clock. 
Selection 
is made 
by the CLK 
bit in the mask 
option 
register. 


RC Oscillator 


With 
this option, 
a resistor 
is connected 
to the oscillator 
pins 
as shown 
in Figure 
1. The 
relationship 
between 
R 
and fosc 
is shown 
in Figure 
2. 


MCU 
ICryttel 
Option, 


"lOR b7~O. 


See 
Note 
1) 


External 
- 


Clock 
Input 


C, 


EXTAl~~XTAl 


4 
·~C~ 
5 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 
Co.7 
pF Max. 


FreQ - ".0 
MHz.CL 
- 24 pF 
RS - 50 ohms 
Mall. 


PlezOelectrtC 
ceramic 
resonators 
which 


have the equivalent 
specifications 
may be 


used 
instead 
of crystal 
oscillators, 
Follow 
ceramic 
resonator 
manufacturer's 
sug- 


gestions 
for 
Co. Cl. 
and 
RS v31ues 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using 
a crystal. 
Using 
an external 
CMOS 
oscillator 
is rec- 
ommended 
when 
crystals 
outside 
the 
specified 
ranges 
are to 
be used. 
The crystal 
and 
components 
should 
be 
mounted 
as close 
as possible 
to the 
input 
pins 
to mini- 
mize 
output 
distortion 
and startup 
statilization 
time. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL 
input 
with 
the 
XTAL 
input 
connected 
to ground, 
as shown 
in 
Figure 
1. This 
option 
may only 
be used 
with 
the crystal 
oscillator 
option 
selected 
in the mask 
option 
register. 


TIMER 


This 
pin 
is used 
as an external 
input 
to 
control 
the 
internal 
timer/counter 
circuitry. 
This 
pin 
also 
detects. 
a 
higher 
voltage 
level 
used 
to 
initiate 
the 
bootstrap 
pro- 


gram. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. Refer 
to RESETS for addition 
information. 


INPUT/OUTPUT 
LINES (PAO-PAl, 
PBO-PB7, PCO-PC3) 


These 
20 lines are arranged 
into two 
8-bit 
ports 
(A and 
B) and one 4-bit 
port 
(C). All lines 
are programmable 
as 


MCU 


4 EXTAL 
IC~~lb~~~' 


See Note 
11 


MCU 
(RC 
OptIon. 


"lOR b7~ 1. 


See 
Note 
11 


ApprOlllmalely 
25% 
to 50% 
Accuracy 


TYPical 
'eye'" 
1 25 liS 


hternal 
Jumper 


MCU 
(AC Option, 


EXTAL 
MOR 
b7= 
1, 


See Note 
11 


Apploxlmately 
10% 
10 25% 
Accuracv 


IEllcludes 
ReSistor 
Tolerance) 


External 
AesiSlor 


NOTES: 


1. When the TIMER input pin is in the VIHTP range (in the bootstrap 
EPROM programming 
model. the crystal option 
is forced. 
When the TIMER input is at or below VCC, the clock generator option is determined 
by bit 7 of the mask option register (CLK). 


2. The recommended 
CL value with a 4.0 MHz crystal is 27 pF maximum 
including 
system distributed 
capacitance. There is an 
internal capacitance of approximately 
25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on each 
pin should 
be scaled as the inverse of the frequence 
ratio. For example, with a 2 MHz crystal, use approximately 
50 pF on EXTAL 
and approximately 
25 pF on XTAl. 
The exact value depends on the motional-arm 
parameters of the crystal used. 


• 
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and 
a logic 
zero for 
input. 
On reset, 
all the 
DDRs are 


initialized 
to a logic zero state to put the ports in the input 
mode. 
The 
port 
output 
registers 
are not 
initialized 
on 


reset 
and should 
be written 
to before 
setting 
the 
DDR 
bits. 
When programmed 
as outputs, 
the latched 
output 
data 
is readable 
as input 
data regardless 
of the logic 
levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore. 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since the 
data 
read corresponds 
to the 
pin 
level 
if the 


DDR is an input (zero) and also to the latched output 
when 
the DDR is an output 
(one). Refer to Table 1 for 
1/0 func- 


tions 
and to Figure 3 for typical 
port circuitry. 


Table 1. 1/0 Pin Functions 


RJW* 
DDR 
VO Pin Functions 


a 
a 
The 1/0 pin is in input mode. Data is 
written into the output data latch. 


a 
1 
Datais written into the output data latch 
and output to the 1/0 pin. 


1 
a 
The state of the 1/0 pin is read. 


1 
1 
The 1/0 pin is in an output mode. The 
output data latch is read. 


g 5.0 
.,,f 
4.0 


" 30 
~ 
u 20 
o 


Figure 
2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


either 
inputs 
or outputs 
under 
software 
control 
of the 
data direction 
registers. 
Refer to PROGRAMMING 
for ad- 


ditional 
information. 


INPUTIOUTPUT 
PROGRAMMING 


Any port pin is programmable 
as either input or output 
under 
software 
control 
of the corresponding 
write-only 
data direction 
register 
(DDR). DDRs always 
read "one". 


The port 1/0 programming 
is accomplished 
by writing 
the 
corresponding 
bit in the port DDR to a logic one for output 


'"c 
•.•Q 
c - 
_ 
U 


11l 
11l 
- 
C 
C 
C 
- 
0u 


Dete 
Direction Register 
Bit- 


o 


::::::::::::::::::::::::::::::::::::, 


(1) Write Only; reeds es ell "15" 
(2) 1- Output; O-Input. 
Clellred to 0 by _. 


(3) Port A Addr=$004 
Port B Addr =s<n; 
Port C Addr = s<n; (Bits 0-3) 


Figure 
3. Typical 
Port 1/0 Circuitry 
and Register 
Configuration 


Latched 
Output 


Data 
Bit 


PORT DATA REGISTER 
7 
0 


1 
1 


Port A Addr = S<XXl 
Port B Addr= $001 
Port C Addr= $002 (Bits 0-3) 
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The MCU is capable 
of addressing 
2048 bytes of mem- 
ory and 1/0 registers. 
The memory 
map is shown in Figure 
4. The locations 
consist 
of user EPROM, bootstrap 
ROM, 


RAM, a mask option 
register 
(MOR), a program 
control 


register, 
and 1/0. The interrupt 
vectors 
are located 
from 
$7F8 to $7FF. The bootstrap 
is a mask-programmed 
ROM 
that allows 
the MCU to program 
its own EPROM. 


The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes and increments 
during 
pulls. 
Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent it from being 
overwritten 
due 
to stacking 
from 
an interrupt 
or 
subroutine 
call. 


The MCU contains 
the registers 
described 
in the fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and 
results 
of arithmetic 
calcu- 


lations 
or data manipulations. 


7 
0 
000 
SOOO 
1/0 
Ports 
Timer 


Page Zero 
and 


Access 
with 
RAM 


Short 
127 
11288ytes) 
S07F 


Instructions 
128 
Page Zero 
S080 


User 
EPROM 


2 
11288ytesl 


256 ----- 


Main 
User 
EPROM 
11668 8ytes} 


---- 


S783 


Mask 
Option 
Reg 
S784 


Bootstrap 
S785 


ROM 


1115 8ytesl 


S7F7 


T ,mer Interrupt 
S7F8 
---- 
S7F9 


External Interrupt 
S7FA 
---- 
S7F8 


SWI 
S7FC 
---- 
S7FD 


Reset 


S7FE 
S7FF 


2039 


{ 


2040 
2041 
2042 
Interrupt 
2043 


Vectors 
2044 


2045 
2046 
2047 


INDEX 
REGISTER 
(X) 


The index 
register 
is an 8-bit 
register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit value 
that 
may be added to an 8- or 16-bit immediate 
value to create 
an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


7 


I 
X 


The program 
counter 
is an ll-bit 
register 
that contains 


the address 
of the next byte to be fetched. 


10 
8_7_______ 
0 


I 
PCH 
I 
PCL 
i 


STACK POINTER 
(SP) 


The stack pointer 
is an ll-bit 
register 
that contains 
the 
address 
of the next free location 
on the stack. During 
an 
MCU 
reset or the reset stack pointer 
(RSP) instruction. 


the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed onto the stack and 
incremented 
as data is pulled 
from 
the stack. 


7 
6 
5 
4 
3 
2 
0 


0 
Port 
A 
SOOO 


Port 
8 
S001 


1 
1 
Port 
C 
S002 


3 
Not Used 
S003 


4 
Port 
A DDR * 
SOO4 


5 
Port 
8 DOR* 
SOO5 


6 
1 
1 
Port CDDR 
$006 


7 
Not Used 
S007 


8 
Timer 
Data 
Reg 
SOO6 


9 
Timer 
Control 
Reg 
SOO9 


10 
Not Used 
$ooA 


11 
Programming 
$008 
Control 
Re 
12 
Not Used 
SooC-ooF 
15 
16 
SOlO 


• 
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The six most-significant 
bits 
of the stack pointer 
are 
permanently 
set at 000011. 
Subroutines 
and interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 
mum), 
which 
allows 
the 
programmer 
to use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


10 
5 
4 
0 


~ 
SP 
I 


CONDITION 
CODE REGISTER 
(CC) 


The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate 
the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 


program, 
and specific 
actions 
can be taken as a result of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 


4 
0 


CiliIililiJ 


Half Carry (H) 


This 
bit is set during 
ADD and ADC operations 
to in- 
dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative (N) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result 
is a logic one). 


Zero (Z) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
IC) 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit (ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


The MCU can be reset two ways: 
by initial 
power-up 
and by the external 
reset input (RESET). The RESET in~ 
consists 
mainly 
of a Schmitt 
trigger 
that senses the RE- 
SET line logic level. 


POWER-ON· RESET (POR) 


An internal 
reset is generated 
on power-up 
that allows 
the 
internal 
clock 
generator 
to stabilize. 
The power-on 
reset 
is used strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect any drop in the power supply 
voltage. 
A delay 
of tRHL milliseconds 
is required 
before 


allowing 
the RESET input 
to go high. 
Connecting 
a ca- 
pacitor 
to the RESET input 
(Figure 
5) typically 
provides 


sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic zero is applied 
to the 
RESET input for a period 
longer 
than one machine 
cycle 
(tcyel. Under this type of reset, the Schmitt trigger switches 
off at VIRES _ to provide 
an internal 
reset volta!i1e. 


The MCU can be interrupted 
three 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with 
the 
internal 
timer 
interrupt 
request, 
or (3) using the software 
interrupt 
instruction 
(SWI). 
Interrupts 
cause the processor 
registers 
to be saved on 
the stack and the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from the stack after which- 
normal 
processing 
resumes. 
The stacking 
order is shown 
in Figure 6. 
Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted 
but are con- 


sidered 
pending 
until the current 
instruction 
is complete. 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being 
operated 
on. 


Condition 
Code Register 


Push 
• For subroutine calls. only PCH and PCl are stacked. 
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When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardware 
interrupts 
and, if unmasked, 
(I bit clear) 
proceeds 
with 
interrupt 
processing; 
other- 


wise, the next instruction 
is fetched and executed. Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 


timer 
interrupt 
status bit is cleared before unmasking 
the 


interrupt, 
then the interrupt 
is not latched. 
If both 
an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 


same 
as any other 
instruction 
regardless 
of the setting 


of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction 
processing 
sequence. 


an interrupt 
request 
is generated. 
The actual 
processor 
interrupt 
is generated 
only if the interrupt 
mask bit of the 
condition 
code register 
(CCR) is also cleared. 
When 
the 


interrupt 
is recognized, 
the current 
state of the machine 


is pushed 
onto the stack and the I bit in the CCR is set, 


masking 
further 
interrupts 
until the present 
one is serv- 


iced. The contents 
of the timer 
interrupt 
vector, 
contain- 
ing the location 
of the timer 
interrupt 
service 
routine, 
is 


then loaded 
into the program 
counter. 
At the end of the 


timer 
interrupt 
service routine, 
the software 
normally 
ex- 


ecutes an RTI instruction 
which restores the machine 
state 
and starts executing 
the interrupted 
program. 


EXTERNAL INTERRUPT 


The external 
interrupt 
is interna!!Lsynchronized 
and 


then latched 
on the falling 
edge of INT. Clearing 
the I bit 


enables the external 
interrupt. 
The following 
paragraphs 
describes 
two typical 
external 
interrupt 
circuits . 


If the timer 
mask bit (TCR6) is cleared, 
then, each time 


the timer decrements 
to zero (transitions 
from $01 to $00). 


1-1 BIt I," CCI 
07F-SP 
O-DDRs 
CLR 
INT Log,c 


FF-Tlmer 


7F-Prescaler 


7F-TCR 


Load 
PC 
from 


7FE17FF 


• 


Load 
PC From 
SWI 
7FC17FD 
INT 
7FA17FB 
TIMER 
7FB17F9 


Execute 
All 
Instruction 


Cycles 
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Zero-Crossing 


A sinusoidal 
input signal 
(fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(See Figure 8a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 


engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and thereby 
provides 
a 2f clock. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 


is zero, SWI executes 
after the other 
interrupts. 
The SWI 


execution 
is similar 
to the hardware 
interrupts. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 8bl, the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
freque~ 
of a 


signal 
that 
can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 


Refer to TIMER 
for additional 
information. 


The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit 
software 
programmable 
pres- 
caler. The various 
timer 
sources 
are made via the timer 


control 
register 
(TCR). The 8-bit counter 
may be loaded 
under program 
control 
and is decremented 
toward 
zero. 


When the timer 
reaches zero, the timer 
interrupt 
request 
bit (bit 7) in the timer 
control 
register 
(TCR) is set. Refer 
to Figure 9 for timer 
block diagram. 


In~CUl 
ICurrent 


IIINT 
MaX.l~,m,,,ngl 
2 
iNT 
R •• l MO 


ac Input:S 
R 
0.1.1.0 


10 Vac pop 
.F 


TTL 
4 7 k 


Level 


DIgital 


Innul 


lJ 
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The timer 
interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 6) in the TCR. When the 
I bit in the condition 
code register 
is cleared 
and TCR bit 
6 is cleared, 
the 
processor 
receives 
the 
interrupt. 
The 
MCU responds 
to this interrupt 
by 1) saving 
the present 
CPU state 
on the 
stack, 
2) fetching 
the timer 
interrupt 


vector, 
and 3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request 
bit must 
be cleared 
by software. 
Refer 


to RESETS and INTERRUPTS 
for additional 
information. 


The prescaler 
is a 7-bit divider 
which 
is used to extend 
the 
maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 


a logic 
one; 
however, 
TCR bit 3 always 
reads as a logic 


zero to ensure 
proper 
operation 
with 
read-modify-write 


instructions. 


The timer 
continues 
to count past zero, falling 
from $00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time by reading the timer 
data register 


(TOR). This allows 
a program 
to determine 
the length 
of 


time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 


turbing 
the counting 
process. TOR is unaffected 
by reset. 


SOFTWARE 
CONTROLLED 
MODE 


The timer 
prescaler 
input 
can be configured 
for three 


different 
operating 
modes 
plus a disable 
mode, depend- 


ing on the value written 
to TCR control 
bits 4 and 5 (TIE 
and TIN). The following 
paragraphs 
describe the different 
modes. 


Timer 
Input 
Mode 
1 


When 
TIE and TIN are both 
programmed 
to zero, the 


timer 
input 
is from 
the internal 
clock (phase two) and the 


timer 
input 
pin is disabled. 
The internal 
clock mode 
can 
be used 
for 
periodic 
interrupt 
generation 
as well 
as a 


reference 
for frequency 
and event 
measurement. 


Timer 
Input 
Mode 
2 


When 
TIE = 1 and TIN = 0, the 
internal 
clock 
and the 


timer 
input 
signals 
are ANDed 
to form 
the timer 
input. 


This mode can be used to measure 
external 
pulse widths. 


The active high, external 
pulse gates in the internal 
clock 


for the 
duration 
of the external 
pulse. 
The accuracy 
of 


the count 
is ± 1. 


Timer 
Input 
Mode 
3 


When TIE = 0 and TIN = 1, no prescaler 
input frequency 
is applied 
to the prescaler 
and the timer 
is disabled. 


Timer 
Input 
Mode 4 


When TIE and TIN are both one, the timer 
input is from 
the external 
clock. The external 
clock can be used to count 


external 
events 
as well 
as to 
provide 
an external 
fre- 


quency 
for generating 
periodic 
interrupts. 


MOR CONTROLLED 
MODE 


This 
mode 
is selected 
when 
TOPT (bit 6) in the MOR 
is programmed 
to logic 
one. The timer 
circuits 
are the 
same as described 
in SOFTWARE 
CONTROLLED 
MODE. 


The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during 
EPROM programming 
by the same bits in the MOR. 


Therefore, 
bits 0, 1,2, and 5 in the MOR control 
the pres- 
caler division 
and the timer 
clock selection. 
TIE (bit 4) and 


PSC (bit 3) in the TCR are set to a logic one when 
in the 
MOR 
controlled 
mode. 
TIM 
(bit 
6) and TIR (bit 
7) are 


controlled 
by the counter 
and software. 


TIMER CONTROL 
REGISTER (TCR) $009 
This is an 8-bit register 
that controls 
various 
functions 
such as configuring 
operation 
mode, 
setting 
ratio of the 
prescaler, 
and generating 
timer 
interrupt 
request 
signal. 


All 
bits 
are 
read/write 
except 
bit 
3. When 
the 
MOR 
TOPT = 1, then 
bits 5, 2, 1, and 0 in the TCR take on the 


corresponding 
bits of the MOR during 
reset. 


7654321 


RESET 


o 
1 
U 
U 


TCR with 
MOR TOPT = 1 (MC6805P2/P6 
Emulation) 


6543210 


RESET: 


o 
I 
TCR with 
MOR TOPT = 0 (Software 
Programmable 
Timerl 


TIR - 
Timer 
Interrupt 
Request 


Used to indicate 
the timer 
interrupt 
when 
it is logic 


one 


1= Set when the timer 
data register 
changes 
to all 


zeros 
0= Cleared 
by external 
reset, 
power-on 
reset, 
or 
under 
program 
control 


TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt 


1= Interrupt 
inhibited 
0= Interrupt 
enabled 
TIN - 
External 
or Internal 


Selects 
input 
clock source 


1= External 
clock selected 


0= Internal 
clock selected 
(fosc/41 


TIE - 
TIMER External 
Enable 
Used to enable 
external 
TIMER pin 
1 = Enables external 
timer 
pin 
0= Disables 
external 
timer 
pin 


PSC - 
Prescaler 
Clear 
Write 
only 
bit. Writing 
a 1 to this bit resets the pres- 
caler to zero. A read of this location 
always 
indicates 
a zero. 


PS2, PS1, PSO- 
Prescaler 
Select 
Bits 


Decoded 
to select one of eight 
outputs 
of the pres- 


caler 


PS2 
PSI 
PSO 
Prescaler Division 


a 
a 
a 
1 (Bypass 
Prescaler) 


a 
a 
1 
2 


a 
, 
a 
4 


0 
1 
1 
8 


1 
0 
a 
16 
, 
a 
, 
32 


1 
, 
a 
64 


1 
1 
1 
128 


• 
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MASK 
OPTION 
REGISTER 
(MOR) 


The 
MOR 
is implemented 
in EPROM 
and contains 
all 
zeros 
prior 
to programming. 
This register 
is not affected 
by 
reset. 
The 
MOR 
bits 
are described 
in the 
following 
paragraphs. 


7 
6 


ClK 
- 
Clock 
(oscillator 
type) 
1 = Resistor 
capacitor 
(RC) 
O=Crystal 


TOPT - 
Timer 
Option 
1 = MC6805P2IP6 
type 
timer/prescaler. 
All bits, ex- 
cept 
6 and 
7, of the 
TCR are 
invisible 
to 
the 
user. 
Bits 5, 2, 1, and 0 of the 
MOR determine 
the equivalent 
MC6805P2/P6 
mask 
options. 


0= All TCR bits are implemented 
as a software 
pro- 
grammable 
timer. 
The state 
of MOR 
bits 
5, 4, 


2, 1, and 
0 sets 
the 
initial 
values 
of their 
re- 
spective 
TCR bits. 


ClS 
- 
Timer/Prescaler 
Clock 
Source 
1 = External 
TIMER 
pin 
0= Internal 
clock 


TIE - 
Timer 
External 
Enable 
Not 
used 
if TOPT = 1. Sets the 
initial 
value 
of TIE in 
the TCR if TOPT = 0 
1 = Not used 
0= Sets initial 
value 
of TIE in the TCR 


SNM 
- 
Secure 
Mode 
When 
programmed 
to one, EPROM contents 
cannot 
be access 
externally. 


P2, P1, PO 
The logical 
levels of these 
bits, when 
decoded, 
select 
one of eight 
outputs 
on the timer 
prescaler. 


P2 
PI 
PO 
Prescaler Division 


0 
0 
0 
1 (Bypass Prescaler) 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


PROGRAMMING 
CONTROL 
REGISTER 
(PCR) 


The 
PCR is an 8-bit 
register 
which 
provides 
the 
nec- 
essary 
control 
bits to program 
the EPROM. The bootstrap 
program 
manipulates 
the 
PCR when 
programming, 
so 
the user 
need 
not be concerned 
with 
PCR in most 
appli- 
cations. 


PlE - 
Programming 
latch 
Enable 
Controls 
address 
and 
data 
being 
latched 
into 
the 
EPROM. 
Set during 
reset, 
but 
may 
be cleared 
any- 


time 
1 = Read EPROM 
0= latch 
address 
and data 
on EPROM 
PGE - 
Program 
Enable 
Enables 
programming 
of EPROM. 
Must 
be set when 
changing 
the address 
and data. 
Set during 
reset 
1 = Inhibit 
EPROM 
programming 
0= Enable 
EPROM 
programming 
(if PlE 
is low) 
VPON -Vpp 
On 
A read-only 
bit that 
indicates 
high voltag~t 
the ~ 
pin. 
When 
set to 
"one", 
disconnects 
PGE and 
PlE 
from 
the chip. 


1 = No high 
voltage 
on Vpp 
pin 
0= High voltage 
on Vpp 


NOTE 


VPON, 
being 
"zero", 
does not indicate 
that the Vpp 


level 
is correct 
for 
programming. 
It is used 
as a 
safety 
interlock 
for the user in the normal 
operating 
mode. 


VPON 
PGE 
PLE 
Programming 
Conditions 


0 
0 
0 
Programming 
Mode 
(Program 
EPROM Byte) 


1 
0 
0 
PGE and PLE Disabled from System 
0 
1 
0 
Programming 
Disabled (Latch 
Address and Data in EPROM) 
1 
1 
0 
PGE and PLE Disabled from System 
0 
0 
1 
Invalid State PGE= 0 if PLE= 0 
1 
0 
1 
Invalid State PGE= 0 if PLE= 0 
0 
1 
1 
::!:!!9h Vo~e" 
on Vpp 
1 
1 
1 
PGE and PLE Disabled from System 
(Operating Mode) 


PROGRAMMING 


The MCU 
bootstrap 
program 
can be used to program 
the 
MCU 
EPROM. 
A MCM2716 
UV EPROM 
(other 
industry 
standard 
EPROMs 
may 
be used) 
must 
first 
be programmed 
with 
the same information 
that 
is to be transferred 
to the MCU 
EPROM. 
The 
MC68705P5 
MCU 
is programmed 
in the 
same 
as 
the 
MC68705P3. 
Refer to application 
note, 
MC68705P31 


R31U38-Bit EPROM Microcomputer 
Programming 
Mod- 
ule (AN-856 
Rev2) 
for 
schematic 
diagrams 
and 
instruc- 
tions 
on programming 
the 
MC68705P5 
MCU 
EPROM. 


NOTE 


The MC68705P5 
will 
not execute 
the bootstrap 
pro- 
gram 
when 
in the secure mode. 
The on·chip 
EPROM 
must 
be completely 
erased 
before 
programming. 
To enter 
the secure 
mode, 
bit 3 in the mask 
option 
register 
must 
be programmed 
to logic 
"one" 
and 
memory 
locations 
$782 
and 
$783 
must 
be 
pro- 
grammed 
with 
$20 and $FE, respectively. 
After 
pro- 
gramming, 
the only 
way to change 
the non-secure 
mode 
is by erasing 
the entire 
EPROM. 
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EMULATION 


The MC68705P5 emulates the MC6805P2 and MC6805P6 


"exactly". 
The 
MC6805P2/P6 
mask 
features 
are imple- 
mented 
in the mask option 
register 
(MOR) EPROM byte 
on the 
MC68705P5. 
A few 
minor 
exceptions 
to the ex- 
actness 
of emulation 
are listed 
below: 


1. The 
MC68705P2/P6 
"future 
ROM" 
area 
is imple- 
mented 
in the MC68705P3 and these 704 bytes must 
be left 
unprogrammed 
to accurately 
simulate 
the 
MC6805P2/P6. 
The 
MC6805P2/P6 
read 
all "zeros" 
from 
this area. 


2. The reserved 
ROM areas in the 
MC6805P2/P6 
and 
the MC68705P5 
have different 
data stored 
in them, 


and this 
data 
is subject 
to change 
without 
notice. 


The MC6805P2/P6 
use the reserved 
ROM for the self- 


check feature, 
and the MC68705P5 uses this area for 
the bootstrap 
program. 


3. The MC6805P2/P6 
read all "ones" 
in its 48-byte 
"fu- 


ture 
RAM" 
area. This 
RAM 
is not 
implemented 
in 
the MC6805P2/P6 
mask ROM versions 
but is imple- 


mented 
in the MC68705P5. 


4. The Vpp line (pin 6) in the MC68705P5 
must be tied 
to VCC for normal 
operation. 
In the MC6805P2/P6, 


pin 
6 is the 
NUM 
pin and 
is grounded 
in normal 
operation. 


5. The LVI feature 
is not available 
in the MC68705P5. 


Processing 
differences 
are not presently 
compatible 
with 
proper 
design 
of this 
feature 
in the 
EPROM 
version. 


The 
operation 
of all other 
circuitry 
has been 
exactly 
duplicated 
or designed 
to function 
identically 
in both de- 


vices including 
interrupts, 
timer, 
data ports, and data di- 
rection registers (DDRs). A design goal has been to provide 
the user with a safe, inexpensive 
way to verify 
a program 
and system 
design 
before 
committing 
to a factory 
pro- 
grammed 
ROM. 


The MCU has a set of 59 basic instructions 
which 
can 
be divided 
into five different 
types: register/memory, 
read- 


modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
exolain 
each type. 


Most of these 
instructions 
use two operands. 
One op- 


erand is either the accumulator 
or the index register. 
The 
other operand 
is obtained 
from 
memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 


jump 
to subroutine 
(JSR) instructions 
have 
no register 
operand. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 


ister, modify 
or test its contents, 
and write 
the modified 
value 
back to 
memory 
or to the 
register. 
The test 
for 
negative 
or zero (TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate 12's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 
tion is met; otherwise, 
no operation 
is performed. 
Branch 


• 
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instructions 
are two-byte 
instructions. 
Refer to the fol- 
lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEO 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt Line is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting or clearing 
any bit which 
resides in the first 256 bytes of the memory 
space where 


all port registers, 
port DDRs, timer, timer control, 
and on- 


chip 
RAM reside. An additional 
feature 
allows 
the soft- 
ware 
to test and branch 
on the state of any bit within 
these 256 locations. 
The bit set, bit clear and bit test, and 


branch 
functions 
are all implemented 
with 
a single 
in- 


struction. 
For test and branch 
instructions, 
the value 
of 
the bit tested is also placed in the carry bit of the condition 
code register. 
Refer to the following 
list for bit manipu- 


lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O. 
.7) 


Branch if Bit n is Clear 
BRCLR n (n = 0 .. .7) 


Set Bit n 
BSET n (n ~ 0 .. .7) 


Clear Bit n 
BCLR n (n=O. 
.. 7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 


and are used to control 
processor 
operation 
during 
pro- 


gram 
execution. 
Refer to the following 
list for 
control 


instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 2 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU uses ten different 
addressing 
modes to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 


code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, 
code cov- 
ersion tables, and scaling tables anywhere 
in the memory 
space. 
Short 
indexed 
accesses 
are single-byte 
instruc- 
tions, 
while 
the longest 
instructions 
(three bytes) permit 
accessing tables throughout 
memory. 
Short and long ab- 


solute 
addressing 
is also included. 
Two-byte 
direct-ad- 
dressing 
instructions 
access 
all 
data 
bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 


tions to reach all memory. 


The term "effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained in the byte immediately 
following 
the opcode. The 
immediate 
addressing 
mode is used to access constants 
that 
do 
not change 
during 
program 
execution 
(e.g., a 
constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct addressing 
mode, the effective 
address of 
the argument 
is contained 
in a single 
byte following 
the 
opcode byte. Direct addressing 
allows the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two bytes following 
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BRSE!9. 


'0 
BRCl:~ 


lBRSE:~R 


1~. 
BRCL~T1A 


1 
BRSE!,2 


BRCL:,2. 


BRSE!? 
, 
BRCL:? 


BRSE!:. 


1 
BRCL::, 


BRSE!;;. 


'0 
BRCL.:\5. 


BRSE!~. 
, 


BRCL:~. 
, 
BRSE!!. 
, 
BRCLR7 
3 
BTB 


BSE1~r 


BCL~~C 


BSE1~r 


BCL~~r 


BSE1~r 


BCL~~r 


BSE1lr 


BCL~lr 


BSE1~r 


BCL~~r 


BSE1~c 


BCL~~r 


BSE1~r 


BCL~t 


BSE1~r 


BRA." 


BRN"" 


BHIA~1 


BLS." 


BCC•• , 


BCS." 


BNE." 


BEO." 


BM~~, 


BM~" 


BM~" 


BllREl 


BIH 


RU 
'] 


Inherent 
Immediate 
Direct 
E.tended 


Relative 
Bit Setl Cleo, 
Bit Test and Branch 
Inde.ed 
INo Offsetl 
Inde.ed, 
1 Byte I8-Bit) 
Offset 
Inde.ed, 
2 Byte 11B-Bitl Offset 


· 
. 
ROAn,R 
I AOR~~ 
1 AOR~NI-l 
· 
. 
ASRnlA 
1 ASR~H 
\ ASR~H 
· 
. 
lSLnlR 
1 LSL~ 
H 
1 
· 
. 
AOl01R 
1 AOl~NH 
1 AOl~ 
H 
· 
. 


INCnlR 


TST 


nlR 


INCA 


1 
INM 
1 
· 
. 
1 TST~NH 
I 
TST~NH 


0;" 


NEG 
, 
H 


-,~ 
,:.. 


• NEG 
I' 
RTI 
, 
'" , 
RTS 


'NH 


, 
II 
COM 
COM 
$Wl 
IXI 
1 
IX 
1 
INH 
, 
lSA 
lSR 


IX\ 
\ 
IX 
, 


AOR'~I 
1, 


ASR 


IXl 
1, 


SEC 
1 
IN•.•• 
, 


ClI 
1 
IfIlH 


I 
SEI 


1NH 
, 


RSP 


1 
INM 
, 


Nap 


1 
INH 


I of Cycles 


Mnemonic 


Bytes 


,:.. 
,.:I, 


SU~uu ,: 
SUBn•• 
Sut, 
· 
CM~U.A 
I 
, 
CMP 
II' 
CM~XT 
CMP1X 


SBTMM ~: see 
IR 
SB~)(T" 
SBC1X 
• 
I' 
CP~MM 
'1 
CPX OIR 
CPXfXT I 
'11 
CPX 
11f? 
CPX .V1 


AN?MM : 
AND," I, AN~XT:: 
AND,., 
,AND ••, 


BI~uu 
: 
BIT '" 
:: 
BIT", I: BIT,., 
: 
BIT 'Xl 


1 
LD~MM 
: 
lOA 
IR I ~ LO~XT:: 
lOA1X 
~ 
lOA.x, 


: 
S1A 
IR 
ST~XT 
I" 
STA,ll'? 
S1A11f, 
· 
. 
EO~MM , 
EaRm. 
EaR.." 
EaR '" 


'] ADC 
• 
ADC 
ADC 
I e 
ADC 


IMM 
'] 
OIR 
J 
E)I(l 
J 
1)1( 


OR~MM 
2 
ORAnlR 
ORA Xl I : 
ORA1X 


AD?""M 
1 
ADOnlR 
ADO Xl 
: 
AODIX 


: ; 
JMP01R 
JMP Xl 
: 
JMP1X 
JMP1X1 
1 


BSRR 
2 
JSRnlR 
JSA Xl 
: 
JSR1X 
JSRIll.1 
1 


LD~MM :: 
lDXn1R 
LDXEXl: 
LDX1ll.7 
LOX'Xl 
1 


, 
STX 
STX 
1 STX 


2 
OIR 
J 
E)I(T 
J 
1)(2 
2 


,,'.• 


SUB,., 


,ft, 


SUB ,. 


..:" 


<1.. 


,J" 


n;4.. 


n~..~. 


0;" 
~ 


9 
1<llI' 


A 
1010 


~1 


C 
'lC') 
,~, 


E 
1110 


CPX 
,. 


"NO ,. 


BIT 


LOA 
,. 


STA 
,. 


EaR 
I 


JSR 
,. 


LOX 


• 


II 


the opcode 
byte. Instructions 
with 
extended 
addressing 
mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed 
byte (the offset) following 
the opcode 
is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 


the opcode 
address. 


INDEX, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the 8-bit 
index 


register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 
long. This mode is often used to move a pointer 
through 


a table or to hold the address 
of a frequently 
referenced 
RAM or 1/0 location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
8-bit 
offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 


8-bit index 
register 
and the unsigned 
byte following 
the 


opcode. 
The addressing 
mode is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with the address 
of 


the 
beginning 
of the table 
in the 
instruction. 
As such, 


tables 
may begin anywhere 
within 
the first 256 address- 


able 
locations 
and could 
extend 
as far as location 
510 


($1FE is the 
last location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
8-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This addressing 
mode can be used in a man- 


ner similar 
to indexed, 
8-bit offset except that this three- 


byte instruction 
allows tables to be anywhere 
in memory. 


BIT SETICLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Any 
readlwrite 


bit in the first 256 locations 
of memory, 
including 
1/0, can 
be selectively 
set or cleared 
with 
a single 
two-byte 
in- 
struction. 


CAUTION 


The corresponding 
DDRs for ports A, B, and C are write 
only registers 
(registers 
at $004, $005, and $006). A read 
operation 
on these registers always returns a "one". 
Since 


BSET and 
BCLR are 
read-modify-write 
functions, 
they 


cannot 
be used to set or clear a DDR bit (all "unaffected" 
bits would 
be set). It is recommended 
that 
all DDR bits 


in a port be written 
using 
a single-store 
instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit to be tested, and its condition 
(set or clear), is included 
in the opcode. 
The address 
of the byte to be tested 
is in 
the single 
byte 
immediately 
following 
the opcode 
byte. 


The signed 
relative 
8-bit offset 
in the third 
byte is added 
to the PC if the specified 
bit is set or cleared 
in the spec- 


ified memory 
location. 
This single 
three-byte 
instruction 


allows 
the program 
to branch 
based on the condition 
of 
any readable 
bit in the first 256 locations 
of memory. 
The 
span of branching 
is from 
- 125 to + 130 from the opcode 


address. 
The state of the tested 
bit is also transferred 
to 
the carry bit of the condition 
code register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index 
register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 
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For most applications 
PI/O<PINT 
and can be neglected. 
The following 
is an approximate 
relationship 
between 


Po and Tj 
(if PliO is neglected): 


PO=K-;-(Tj+273°C) 
(2) 


Solving 
equations 
(1) and (2) for K gives: 


K= Po 
0 (TA + 273°C 1 +8jA 
0 P02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. K 
can be determined 
from 
equation 
(3) by measuring 
Po 


(at equilibrium) 
for a known 
TA. Using 
this 
value 
of K, 


the values of Po and Tj can be obtained 
by solving 
equa- 


tions 
(1) and (2) iteratively 
for any value 
of TA. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 to +7.0 
V 


Input Voltages 
V 
EPROM Programming 
Voltage 
Vpp 
- 0.3 to + 22.0 
(Vpp Pinl 
TIMER Pin 
Normal Mode 
Vin 
-0.3 to + 7.0 
Bootstrap Programming Mode 
Vin 
-0.3 to + 15.0 
All Others 
Vin 
-0.3 to + 7.0 


Operating Temperature Range 
TA 
a to + 70 
°c 


Storage Temperature Range 
Tsta 
-55 to + 150 
'c 


Junction Temperature 
TJ 
+ 150 
°c 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 


Cerdip 
9JA 
60 
°CIW 


The average 
Chip-junction 
temperature, 
Tj, 
in °C can 
be obtained 
from: 


Tj=TA+(POo6jA) 
(1) 


where: 


TA 
6jA 


Po 
PINT 
PliO 


= Ambient 
Temperature, 
°C 


= Package Thermal 
Resistance, 


junction-to-Ambient, 
°CIW 


= PINT+PI/O 
= ICC x VCC' Watts - Chip Internal 
Power 


= Power 
Dissipation 
on Input and Output 


Pins - User Determined 


PROGRAMMING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 


(VCC= 5.25 Vdc ± 0.5, VSS= a Vdc, TA ~ 20° to 30°C,unless otherwise noted) 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 


circuit. 
For 
proper 
operation 
it 
is 
recom- 
mended the Vin and Vout be constrained to 
the range VSS " 
(Vin or Vout) " VCC. Reli- 


ability of operation is enhanced if unused in- 
puts are tied to an appropriate logic voltage 
level (e.g., either VSS or VCCI. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming Voltage (Vpp Pin) 
Vpp 
20.0 
21.0 
22.0 
V 


Vpp Supply Current 
Ipp 
- 
mA 
Vpp=5.25 V 
- 
- 
8 
Vpp=21.0 V 
- 
30 


Programming Oscillator Frequency 
fOSCD 
0.9 
1.0 
1.1 
MHz 


Bootstrap Programming Mode Voltage (TIMERPinllin = 100 
VIHTP 
9.0 
12.0 
15.0 
V 


fLA Max 


I 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
lose 
0.4 
- 
4.2 
MHz 
Normal 


Instruction 
Cycle Time 14/loscl 
tcvc 
0.950 
- 
10 
IJ.S 


INT or Timer Pulse Width Isee Interrupt section) 
tWL,tWH 
tcvc + 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc + 250 
- 
- 
ns 


RESET Delay Time (External Cap = 1.0 IJ.FI 
tRHL 
100 
- 
- 
ms 


INT Zero Crossing Detection Input Frequency 
liNT 
0.03 
- 
1.0 
kHz 


External Clock Duty Cycle (EXTALI 
- 
40 
50 
60 
% 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 
RESET (4.75 " 
VCC 
'" 5.75) 
4.0 
- 
VCC 


1Vcc..i.3. 
75) 
VCC 
-0.5 
- 
VCC 
INT (4.75 '" VCC 
'" 5.751 
4.0 
.. 
VCC 


(VCC (4.75) 
VCC 
-0.5 
.. 
VCC 
All Other 
2.0 
- 
VCC 


I 


Input High Voltage (TIMER Pinl 
VIH 
V 
Timer Mode 
2.0 
- 
VCC 
Bootstrap Programming 
Mode 
9.0 
12.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
-0.3 
- 
0.8 
INT 
-0.3 
.. 
1.5 
All Other 
-0.3 
- 
0.8 


Internal Power Dissipation 
(No Port Loading, VCC = 5.25 V, 
PINT 
- 
450 
TBD 
mW 
TA=O C) 


Input Capacitance 
Cin 
pF 


XTAL 
- 
25 
- 
All Other 
- 
10 
- 


INT Zero-Crossing 
Voltage, 
through 
a Capacitor 
VINT 
2.0 
- 
4.0 
Vaco-o 


RESET Hysteresis Voltage 
- 
4.0 
V 
Out 01 Reset Voltage 
VIRES+ 
2.1 
- 
2.0 
Into Reset Voltage 
VIRES- 
0.8 


Programming 
Voltage (Vpp Pin) 
Vpp' 
21.0 
V 
Programming 
EPROM 
20.0 
VCC 
22.0 
Operating 
Mode 
4.0 
5.75 


Input Current 
lin 
!J.A 
TIMER IVinl = 0.4 VI 
- 
- 
20 
INT (Vin = 0.4 V) 
- 
20 
50 
EXTAL (Vin2.4 
V to VCC Crystal Option) 
- 
- 
10 


(Vin =0.4 V Crystal Option 1 
- 
- 
-1600 
RESET (Vin = 0.8 V) 
-4.0 
- 
-40 


(External Capacitor Changing Current) 


'VPP is pin 6 on the MC68705P5 and is connected to VCC in the normal operating 
mode. In the MC6805P2, pin 6 is NUM and is 


connected 
to VSS 
in the normal operating 
mode. The user must allow lor this difference 
when emulating 
the MC6805P2 ROM- 


based MCU. 


"Due 
to internal biasing, this input (when not used) floats to approximately 
2.0 V. 
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PORT ELECTRICAL 
CHARACTERISTICS 
(VCC= +5.25 Vdc, ±0.5 Vdc, VSS=O Vdc, TA=O' to 70'C, 


unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
IlA 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad = - 10 flA 
VOH 
VCC 
1.0 
- 
- 
V 


Input High Voltage, 'Load = - 300 flA (Max) 
VIH 
2.0 
- 
VCC-0.7 
V 


Input Low Voltage, ILoad = - 500 IlA (Max) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to VCC) 
IIH 
- 
- 
300 
flA 


Hi-Z State Input Current (Vin = 0.4 V) 
IlL 
- 
- 
500 
flA 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
(VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad = - 200 flA 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive ISource), VO= 1.5 V 
IOH 
-1.0 
- 
10 
mA 
-- 


Input High Voltage 
VIH 
2.0 
- 
VCC" 0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
20 
flA 


Port C 


Output Low Voltage, 'Load = 1.6 mA 
VOL 
- 
- 
04 
V 


Output High Voltage, ILoad = -100 
flA 
VOH 
2.4 
.- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
08 
V 


Hi-Z State Input Current 
ITSI 
- 
2 
20 
IJA 


Test 
Point 
MMD6150 
or Equill. 
TestPOtnt~ 
T 30 pF (Total) 


3:l pF 
tTotal} 
40 pF 
(Total) 
125 kOI MMD7CXXl 
or 
EqUlIi 


Figure 
10, TTL Equivalent 
Test 
Load 
(Port 
BI 
Figure 
11, CMOS 
Equivalent 
Test 
Load 
(Port 
Al 
Figure 
12. TTL Equivalent 
Test 
Load 
(Ports 
A and CI 
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• 


• 


~ 
To I/O Logic 


~ 


TestPO?in 
t 
~ 
Vary V, 


Measure 
I 


± 
V 


Figure 17. 1/0 Characteristic 
Measurement 
Circuit 


The following 
table 
provides 
generic 
information 
pertaining 
to the package 
type, temperature, 
and MC order 
numbers 
for the MC68705P5. 


Internal 
Clock 
Package 
Type 
Frequency 
(MHz) 
Temperature 
Order 
Number 


Cerdip 
(S Suffix) 
1.0 
O· to 70·C 
MC68705P5S 


Cerdip 
(S Suffix) 
1.0 
-40· 
to 85·C 
MC68705P5CS 
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PIN ASSIGNMENTS 


Vss 
A!m 


iNf 
PA7 


VCC 
PA6 


EXTAL 
4 
PA5 


24 
PA4 


Vpp 
23 
PA3 


TIMER 0 


22 
PA2 


PCO 
21 
PAl 


PCl 
20 
PAO 


PC2 
19 
PB7 


PC3 
lB 
PB6 


17 
PB5 


16 
PB4 


15 
PB3 
I 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit EPROM Microcontroller 
Unit 


The MC68705R3 
(HMOS) 
Microcontroller 
Unit 
(MCU) 
is an EPROM 
member 
of the 
MC6805 
Family 
of microcontrollers. 
The user programmable 
EPROM 
allows 
program 
changes 
and 
lower 
volume 
applications. 
This 
low 
cost 
MCU 
has parallel 
I/O capability 
with 
pins 
programmable 
as input 
or out- 


put. This 
publication 
contains 
condensed 
information 
on the MCU; 
for detailed 
information, 
refer 
to 
M6805 
HMOS, 
M146805 
CMOS 
Fami/y 
User's 
Manua/ 
(M6805UM(AD2)) 
or contact 
your 
local 
Moto- 


rola sales office. 
Refer to the block 
diagram 
for the 
hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit 
Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
I/O 


• 
Versatile 
Interrupt 
Handling 


• 
Bit Manipulation 


• 
Bit Test and 
Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
Bootstrap 
Program 
in ROM 


• 
112 Bytes 
of RAM 


• 
3776 Bytes 
of Eprom 


• 
24 I/O Pins 


• 
4-Channel 
Analog-to-Digital 
Converter 


PAO 
PAl 
Accumulator 


PorI 
PAl 
Data 
A 


A 
PAJ 
CPU 


Olf 
Index 
Conuol 
1/0 
PM 
Reg 
POO/ANO 
Lones 
PA~ 
8 
Regtslet 
X 
POl/ANt 


PAl; 
CcindltlOO 
P02/AN2 
Port 
PA7 
Code 
P03/AN3 
0 


~ 
RegIster 
CC 
PD4IVRL 
Input 


CPU 
P~IVRH 
Lines 


Stack 
PD6/iN"n 


P80 
Pomler 
5 
P07 


P81 
Program 
POrl 
P82 
Port 
Dati 
Counter 
8 
P83 
8 
Cor 
Hogh 
PCH 
I/O 
PS4 
Reg 
Reg 
ALU 


Lones 
P8~ 
Program 


PIl6 
Counter 


P87 
8 
Low 
pca 
PCI 


Dala 
POrl 
PC2 
POrt 


Olf 
C 
PC3 
C 


Reg 
Reg 
PC4 
I/O 
PC~ 
lInes 
• 
PC6 


Bootstrap 
PC7 


ROM 
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VCC AND VSS 


Power 
is supplied 
to the 
microcontroller 
using 
these 
two 
pins. VCC is + 5.25 volts 
(:!: O.5t.) power, 
and VSS is 
ground. 


Vpp 


This 
pin 
is used when 
programming 
the 
EPROM. 
In 
normal 
operation, 
this pin is connected 
to VCC. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 


plying 
an external 
interrupt 
to the MCU. Refer to INTER- 
RUPTS 
for more detailed 
information. 


EXTAL,XTAL 


These pins provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
(depending 
on mask option 


EXTAL~~XTAL 


5 
~W 
6 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 
Co,.7pFMax 
Freq. z 4.0 
MHz 
(jj) Cl"" 
24 pF 


AS '""SO 
ohms 
Max. 


Piezoelectric 
C8famic 
resonators 
which 


have 
the equivalent 
specifications 
may 
be 


used 
instead 
of crystal 
oscillators. 
Follow 
ceramic 
resonator 
manufacturer's 
sug- 


gestions 
for Co, C,. and 
RS values. 


hternal 


Clock 
Input 


MCU 
EXTAL 
(CrystaIOption. 


S•• 
Note 
I) 


register 
setting) 
is connected 
to these 
pins to provide 
a 
system 
clock. 


RC Oscillator 


With this option, 
a resistor 
is connected 
to the oscillator 
pins as shown 
in Figure 
1. The relationship 
between 
R 
and fosc is shown 
in Figure 
2. 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using 
a crystal. 
The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 


mize output 
distortion 
and startup 
stabilization 
time. 
Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VCC 
specifications. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL input 
with the XTAL input connected 
to VSS, as shown 
in Fig- 
ure 
1. This 
option 
may 
only 
be used 
with 
the 
crystal 
oscillator 
option 
selected 
in the mask option 
register. 


(See Note 21 c:J 
MCU 
5 
EXT AL 
(Crystal 
Option. 


See Note 
I) 


MCU 
EXTAL 
IRC Option. 


See Note 
11 


MCU 


5 
EXT Al 
IRC Option. 


No 
See Note 
11 


Connection 


ApprOlumately 
25% 
10 50% 
Accuracy 


Typical 
teyC"" 
1.25 
.• 5 


External Jumper 


ApprOXimately 
10% 
to 25% 
Accuracy 


IExciudes 
ResIstor 
Tolerancel 


External 
Resistor 


NOTES: 
1. For the MC68705R3 MaR b7=0 for the crystal option and MaR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming 
mode). the crystal option is forced. When the TIMER input is at or below 
VCC, the clock generator option is determined by bit 7 of the mask option register (ClK). 


2. The recommended Cl value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is 
an internal capacitance of approximately 25 pF on the XTAl pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 
50 pF 
on EXTAl and approximately 
25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


• 
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INPUT/OUTPUT 
PROGRAMMING 


Ports A, B, and C are programmable 
as either 
input 
or 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Port 0 lines are input 
only. 
The 
port 
I/O programming 
is accomplished 
by writing 
the 
corresponding 
bit in the port DDR to a logic one for output 
and 
a logic 
zero for 
input. 
On reset, 
all the 
DDRs are 
initialized 
to a logic zero state to put the ports in the input 
mode. 
The 
port 
output 
registers 
are not 
initialized 
on 
reset and should 
be written 
to before 
setting 
the 
DDR 
bits. 
When programmed 
as outputs, 
the latched output 
data 
is readable 
as input data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 


since the data 
read corresponds 
to the pin 
level 
if the 
DDR is an input 
(zero) and, also, to the latched 
output 
when 
the DDR is an output 
(one). Refer to Table 
1 for 
1/ 


a functions 
and to Figure 3 for typical 
port circuitry. 


Data 
latched 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 


0 
X 
Hi-Z** 
Pin 


Port 0 provides 
reference 
voltage 
and multiplexed 
an- 
alog 
inputs. 
The VRL and VRH lines 
are internally 
con- 
nected to the AID resistor. 
Port 0 can always 
be used as 


Figure 3. Typical 
Port I/O Circuitry 
and 
Register 
Configuration 


g 50 
~ 
~ 
4 a 


(; 30 
~ 
Gi 20 
a 


Figure 2. Typical 
Frequency 
ys Resistance 
for 
RC Oscillator 
Option 
Only 


TIMER 


This 
pin 
is used 
as an external 
input 
to control 
the 
internal 
timer/counter 
circuitry. 
This 
pin also detects 
a 
higher 
voltage 
level 
used to initiate 
the bootstrap 
pro- 
gram. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 
pullup. 
The MCU can be reset by pulling 
RESET low. 


INPUT/OUTPUT 
LINES (PAO·PA7, PBO·PB7, PCO·PC7,POO· 
P07) 


These 32 lines are arranged 
into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data di- 


rection 
registers. 
Port 0 is a fixed 
input port. It has up to 
four analog inputs, plus two voltage reference inputs when 
the analog-to~tal 
converter 
is used 
(PD5NRH, 
PD4/ 


VRLl. and an INT2 input. 
Port 0 lines can be read directly 


and used as binary inputs. 
If an analog input is used, then 
the voltage 
reference 
pins 
must 
be used in the analog 
mode. 
Refer to PROGRAMMING 
for additional 
informa- 


tion. 
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digital 
inputs, 
but for analog 
inputs, 
VRH and VRL must 
be connected 
to the appropriate 
reference 
voltage. 


Read-modify-write 
instructions 
should 
be not used 


. when 
writing 
to DDRs always 
read as 'one'. 


The MCU is capable 
of addressing 
4096 bytes 
of mem- 


ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The locations 
consists 
of user EPROM, 
bootstrap 
ROM, 


user RAM, a mask option 
register 
(MORl. 
a program 
con- 


trol 
register, 
miscellaneous 
register, 
AID 
control 
regis- 
ters, 
and I/O. The interrupt 
vectors 
are located 
from 
$FF8 
to $FFF. The bootstrap 
is a mask-programmed 
ROM that 
allows 
the 
MCU to program 
its own 
EPROM. 


The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes 
and increments 
during 
pulls. 


Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using 
the stack area for data storage 
or temporary 
work 
locations 
requires 
care to prevent 
it from 
being 
overwritten 
due 
to 
stacking 
from 
an 
interrupt 
or 
subroutine 
call. 


User 
Main 
EPROM 
13640 Bytes) 


3B95 
----- 
3B96 
Mask Option 
Register 
3697 
3967 
Not Used 


396B 
Bootstrap 
ROM 


4007 
1120 Bytesl 
SFF7 


'"·"~'I§ 


SFFB 
Timer Interrupt 


SFF9 
----- 
SFFA 


External Interrupt 


SFFB 


Vectors 
4092 
SFFC 
SWI 
SFFD 
4093 
4094 
SFFE 
4095 
Reset 
SFFF 


The 
MCU 
contains 
the 
registers 
described 
in the 
fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used 
to 
hold 
operands 
and 
results 
of arithmetic 
calCu- 
lations 
or data 
manipulations. 


7 
I 
A 


INDEX REGISTER 
(X) 


The index 
register 
is an 8-bit 
register 
used 
for the 
in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 
may be added to an 8- or 16- bit immediate 
value to create 
an effective 
address. 
The index 
register 
may also be used 
as a temporary 
storage 
area. 


7 
0 


I 
X 
I 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 12-bit 
register 
that 
contains 


the address 
of the next 
byte to be fetched. 


11 
8 
7 
0 


I 
PCH 
I 
PCL 
I 


Port A Data Register 
$(X)) 


Port 8 Data Register 
$001 


Port C Data Register 
$002 


PC?rt0 Data Register 
$003 


PortADDR* 
$0)4- 


Port BOOR· 
S('()5* 


Port C DDA* 
$(X)6* 


Not Used 
S007 


Timer Data Register 
$(X)8 


9 
Timer Control Register 
$009 


10 
Miscellaneous Register 
SOOA 


11 
Program Control Register 
$008 


'2 
Not Used 
SOOC 


AID 
Control 
Register 


AID 
Register 


• 
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I 


The stack 
pointer 
is a 12-bit 
register 
that 
contains 
the 
address 
of the next free location 
on the stack. 
During 
an 
MCU 
reset 
or the 
reset 
stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 
is then 
decremented 
as data is pushed 
onto the stack and 
incremented 
as data 
is pulled 
from 
the stack. 


The seven 
most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. 
Subroutines 
and 
interrupts 
may 
be nested 
down 
to 
location 
$061 
(31 bytes 
maxi- 


mum), 
which 
allows 
the 
programmer 
to 
use 
up 
to 
15 
levels 
of subroutine 
calls 
(less if interrupts 
are allowed). 


11 
54 
0 
~Ispl 


CONDITION CODE REGISTER (CC) 


The condition 
code 
register 
is a 5-bit 
register 
in which 
four 
bits are used to indicate 
the results 
of the instruction 
just 
executed. 
These 
bits can be individually 
tested 
by a 
program, 
and specific 
actions 
can be taken 
as a result 
of 
their 
state. 
Each 
bit 
is explained 
in the 
following 
para- 
graphs. 


4 
0 
[iliJilili] 


Half Carry 
(HI 


This 
bit is set during 
ADD 
and 
ADC operations 
to in- 
dicate 
that 
a carry 
occurred 
between 
bits 3 and 4. 


Interrupt 
III 


When 
this 
bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this 
bit is set, the interrupt 
is latched 
and is processed 
as 
soon 
as the 
interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that 
the 
result 
of the 
last 
arithmetic, 
logical, 
or data manipulation 
was negative 
(bit 
7 in the result 
is a logic 
1). 


Zero 
(ZI 


When 
set, this 
bit 
indicates 
that 
the 
result 
of the 
last 
arithmetic, 
logical, 
or data 
manipulation 
was zero. 


Carry/Borrow 
(C) 


When 
set, this 
bit indicates 
that 
a carry 
or borrow 
out 
of the 
arithmetic 
logical 
unit 
(ALU) 
occured 
during 
the 
last arithmetic 
operation. 
This 
bit is also affected 
during 
bit 
test 
and 
branch 
instructions, 
and 
during 
shifts 
and 
rotates. 


The 
MCU 
can be reset two 
ways: 
by initial 
power-up 
and by the external 
reset input 
(RESET). The RESET input 
consists 
mainly 
of a Schmitt 
trigger 
that 
senses 
the 
line 
logic 
level. 


t"UW~K-UN-KE5ET (PORI 


An internal 
reset is generated 
on power-up 
that 
allows 
the 
internal 
clock 
generator 
to 
stabilize. 
The 
power-on 
reset 
is used 
strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect 
any drop 
in the power 
supply 
voltatge. 
A delay 
of tRHL milliseconds 
is required 
before 
allowing 
RESET input 
to go high. 
Connecting 
a capacitor 


to the RESET input 
(Figure 
5) typically 
provides 
sufficient 


delay. 


EXTERNAL RESET INPUT 


~MCU 
is reset 
when 
a logic 
zero 
is applied 
to the 
RESET input 
for a period 
longer 
than 
one machine 
cycle 
(leyel. Under this type of reset, the Schmitt 
trigger 
switches 
off at VIRES - 
to provide 
an internal 
reset voltage. 


The 
MCU 
can be interrupted 
four 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with 
the 
internal 
timer 
interrupt 
request, 
(3) using 
the 
software 
interrupt 
instruction 
(SWI), or (4) the external 
Port D (lNT2) 


input 
pin. 
Interrupts 
cause the processor 
registers 
to be saved 
on 
the 
stack 
and 
the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes 
the reg- 


ister contents 
to be recovered 
from 
the stack after which 
normal 
processing 
resumes. 
The stacking 
order 
is shown 
in Figure _6_.__ 
Unlike 
RESET, 
hardware 
interrupts 
do 
not 
cause 
the 
current 
instruction 
execution 
to 
be halted 
but 
are con- 
sidered 
pending 
until 
the current 
instruction 
is complete. 


NOTE 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and 
being 
operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks 
all pending 
hardward 
interrupts 
and, if unmasked 
(I bit 
clear), 
proceeds 
with 
interrupt 
processing; 
other- 
wise, the next instruction 
iffetched 
and executed. 
Masked 
interrupts 
are 
latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status 
bit is cleared 
before 
unmasking 
the 
interrupt, 
then 
the 
interrupt 
is not 
latched. 
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1 I 
1 I 
1 I 
Condition 
Code Register 


Accumulator 


Index 
Register 


1 I 
1 I 
1 
I 
1 I 
PCH" 


PCL" 


n+1 1 
n+2 


n+3 


n+4 


n+5 


If both 
an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 
ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 
7 for the reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


If the time 
mask bit ITCR6) is cleared, 
then, each time 
the timer decrements 
to zero (transitions 
from $01 to $00), 


an interrupt 
request 
is generated. 
The actual 
processor 
interrupt 
is generated 
only if the interrupt 
mask bit of the 
condition 
code register 
ICCR) is also cleared. 
When 
the 
interrupt 
is recognized, 
the current 
state of the machine 
is pushed 
onto the stack and the I bit in the CCR is set, 


masking 
further 
interrupts 
until the present 
one is serv- 
iced. The contents 
of the timer 
interrupt 
vector, 
contain- 
ing the location 
of the timer 
interrupt 
service 
routine, 
is 
then loaded 
into the program 
counter. 
At the end of the 
timer 
interrupt 
service routine, the software 
normally 
exe- 
cutes an RTI instruction 
which 
restores the machine 
state 
and starts executing 
the interrupted 
program. 
The timer 


interrupt 
status 
bit can only be cleared 
by software. 


EXTERNAL 
INTERRUPT 


The external 
interrupt 
is intern2l.!Y. synchronized 
and 
then latched on the falling 
edge of INT and INT2. Clearing 
the I bit enables the external 
interrupt. 
The INT2 interrupt 
has an interrupt 
request 
bit (bit 7) and a mask bit (bit 6) 


in the miscellaneous 
register 
IMR). The INT2 interrupt 
is 


inhibited 
when 
the mask 
bit is set. TheJ]'l!l2 
is always 
read 
as a digital 
input 
on port 
D. The INT2 and timer 


interrupt 
request 
bits, if set, cause the MCU to process 
an interrupt 
when 
the condition 
code I bit is clear. The 
following 
paragraphs 
describe 
two 
typical 
external 
in- 


terrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal 
IflNT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 8a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 


the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and, thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 8b), the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
frequency 
of a 
signal 
that 
can be recognized 
by the TIMER or INT pin 


logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 
Refer to TIMER 
for additional 
information 
. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. The SWI 


execution 
is similar 
to the hardware 
interrupts. 


The MCU has two modes 
of operations. 
These modes 
are the normal 
and bootstrap. 
The following 
paragraphs 
describe 
the modes. 


NORMAL 
MODE 


This mode 
is a single-chip 
mode 
and is entered 
if the 


following 
conditions 
are met: 
111the RESET line is low, 


121the PCO pin 
is within 
its normal 
operational 
range, 


and 131the Vpp pin is connected 
to VCC The next rising 
edge of the RESET pin then causes the part to enter the 
normal 
mode. 


BOOTSTRAP 


The bootstrap 
mode is entered 
if the TIMER pin = + 12 


V. 
Refer 
to 
application 
note, 
MC68705P31R31U3 
8-Bit 
EPROM 
Microcomputer 
Programming 
Modu/e 
IAN-857 
Rev.2l. 


The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit software 
programmable 
pres- 
caler. The various 
timer 
sources 
are made via the timer 
control 
register 
(TCR) and/or 
the 
mask 
option 
register 


(MaR). 
The 8-bit counter 
may be loaded 
under program 


control 
and is decremented 
toward 
zero. When the timer 


reaches zero, the timer 
interrupt 
request 
bit (bit 7) in the 
timer 
control 
register 
(TCR) is set. Refer to Figure 
9 for 


timer 
block diagram. 
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1.1 
(in CCI 
07F. SP 
O.DDRs 


CLR INT Logic 
FFtTimer 
TCR6 tl 
TCR7 to 


load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 


Timer 
or 
iN'f2: FFBI FF9 


load Options From 


MOR 
($F381 Into 


Controllogk: 


Ibl Digitll-Signll Interrupt 


VCC 


In~~t 
(Current 


lfINTMal('I~lmllmgl 
2 
i"'NT 


Rs'MO 
ac Input:s 
R 
0.1-1.0 
10 Vac pop 
~F 


TTL 


Level 
Digital 


Input 


lJ 


The timer 
interrupt 
can be masked (disabled) 
by setting 


the timer 
interrupt 
mask bit (bit 6) in the TCA. When the 


I bit in the condition 
code register 
is cleared and the TCR 


bit 6 is cleared, 
the processor 
receives the interrupt. 
The 


MCU responds 
to this interrupt 
by (1) saving the present 


CPU state 
on the stack, (2) fetching 
the timer 
interrupt 


vector, 
and (3) executing 
the interrupt 
routine. 
The timer 


interrupt 
request 
bit must 
be cleared 
by software. 
Refer 


to RESETS and INTERRUPTS 
for additional 
information. 


The prescaler 
is a 7-bit divider 
which 
is used to extend 


the 
maximum 
length 
of the timer. 
To avoid 
truncation 


errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 
a logic 
one; 
however, 
the TCR bit 3 always 
reads as a 
logic zero to ensure 
proper 
operation 
with 
read-modify- 
write 
instructions. 
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Timer Control Register Bits: 


TIR- Timer Interrupt Request Status 
TIM - Timer Interrupt Mask 
TIN- Timer Input Select 
TIE- Timer External Input Enable 
PSC- Prescaler Clear 
PS2, PS1, PSO- Prescaler Select 


The TOPT bit in the mask option register selects whether the timer's software programmable via the timer control register or 
emulates the mask programmable parts via the MaR EPROM byte. 


3:0-l0 
:D0§; 
3: 
Timer 
C'i 
Pin 
W 
:D 
0, 
0 
..• 
"ll 
..• 
:D0 
(") 
m 
Ul 
Internal 
Ul0 
.2 
:D 
Clock 
C 
Itosc+41 


~ 


fplN - Prescaler Input Frequency 
tCIN - Counter Input Frequency 
Mask Option Register Bits: 


CLK- Clock Oscillator Type 
TOPT- Timer Mask! Programmable Option 
CLS- Timer Clock Source 
P2, PI, PO- Prescaler Option 
• 


• 


The timer continues 
to count past zero, falling 
from $00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time by reading the timer data register 
(TOR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 


turbing 
the counting 
process. 
The TOR is unaffected 
by 
reset. 


SOFTWARE 
CONTROLLED 
MODE 


This mode 
is selected 
when 
TOPT (bit 6) in the MaR 
is programmed 
to zero. The timer 
prescaler 
input can be 
configured 
for 
three 
different 
operating 
modes 
plus 
a 
disable 
mode, 
depending 
on the value 
written 
to TCR 
control 
bits 4 and 5 (TIE and TIN). The following 
para- 
graphs 
describe 
the different 
modes. 


Timer 
Input 
Mode 
1 


When 
TIE and TIN are both programmed 
to zero, the 
timer 
input 
is from the internal 
clock (phase two) and the 
timer 
input 
pin is disabled. 
The internal 
clock mode can 
be used for 
periodic 
interrupt 
generation 
as well 
as a 
reference 
for frequency 
and event measurement. 


Timer 
Input 
Mode 
2 


When 
TIE = 1 and TIN = 0, the 
internal 
clock 
and the 
timer 
input 
signals 
are ANDed 
to form 
the timer 
input. 


This mode can be used to measure 
external 
pulse widths. 


The active high, external 
pulse gates in the internal 
clock 
for the duration 
of the external 
pulse. 
The accuracy 
of 
the count 
is :!: 1. 


Timer 
Input 
Mode 
3 


When TIE = 0 and TIN = 1, no prescaler 
input frequency 
is applied 
to the prescaler 
and the timer 
is disabled. 


Timer 
Input 
Mode 4 


When TIE and TIN are both one, the timer 
input is from 
the external 
clock. The external 
clock can be used to count 
external 
events 
as well 
as to 
provide 
an external 
fre- 
quency 
for generating 
periodic 
interrupts. 
Frequency 
of 
external 
input 
must be "" fosc/8. 


MOR CONTROLLED 
MODE 


This mode 
is selected 
when 
TOPT (bit 6) in the MaR 
is programmed 
to logic 
one. The timer 
circuits 
are the 
same as described 
in SOFTWARE CONTROLLED 
MODE. 


The logic levels of TCR bits 0, 1,2, and 5 are determined 
during EPROM programming 
by the same bits in the MaR. 
Therefore, 
bits 0, 1,2, and 5 in the MaR control 
the pres- 
caler division 
and the timer clock selection. 
TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when 
in the 
MaR 
controlled 
mode. 
TIM 
(bit 
6) and TIR (bit 7) are 
controlled 
by the counter 
and software. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register 
that controls 
various 
functions 
such as configuring 
operation 
mode, setting 
ratio of the 
prescaler, 
and generating 
timer 
interrupt 
request 
signal. 


All bits are read/write 
except 
bit 3. The configuration 
of 
the TCR is determined 
by the TOPT (bit 6) in the MaR. 


When TOPT= 
1, the TCR emulates 
the MC6805R2; 
when 
TOPT = 0, the TCR is controlled 
by software. 


TeR with 
MOR TOPT = 1 
7 
6 
5 


"The value of corresponding 
bits in MOR is written during RESET 
rising edge. These bits always read "one". 


TIR - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 
1= Set when the timer 
data register 
changes 
to all 
zeros 
0= Cleared 
by external 
reset, 
power-on 
reset, 
or 
under 
program 
control 
TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt 
1 = Interrupt 
inhibited 
0= Interrupt 
enabled 
TIN - 
External 
or Internal 
Selects input 
clock source 
1= External 
clock selected 
0= Internal 
clock selected 
(fosc/4) 
TIE - 
TIMER External 
Enable 
Used to enable external 
TIMER pin. When 
TOPT= 
1, 
TIE is always 
a logical 
"one". 


1 = Enables external 
timer 
pin 
0= Disables 
external 
timer 
pin 
PSC - 
Prescaler 
Clear 
Write 
only 
bit. Writing 
a one to this 
bit 
resets the 
prescaler 
to zero. A read of this 
location 
always 
in- 
dicates 
a zero when 
TOPT = O. When 
TOPT = 1, this 
bit will 
read a logical 
"one" 
and has no effect on the 
prescaler. 
PS2, PS1, PSO- 
Prescaler 
Clear 
Decoded 
to select one of eight 
outputs 
of the pres- 
caler 


PS2 
PS1 
PSO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


NOTES 


When 
changing 
the PS bits in software, 
the PSC 
bit should 
be written 
to a "one" 
in the same write 
cycle to clear the prescaler. 
Changing 
the PS bits 
without 
clearing 
the prescaler 
may cause prescaler 
truncation. 
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MASK 
OPTION 
REGISTER 
(MOR) 
$F38 


The MOR is implemented 
in EPROM. This register 
con- 


tains 
all zeros 
prior 
to programming 
and 
is not affected 
by 
reset. 
The 
MOR 
bits 
are described 
in the 
following 
paragraphs. 


7 
6 


ClK 
- 
Clock 
(oscillator 
type) 
1 = Resistor 
Capacitor 
(RC) 
0= Crystal 
TOPT - 
Timer 
Option 
1 = MC6805R2 
type 
timer/prescaler. 
All bits except 
6 and 
7, of the 
TCR are 
invisible 
to the 
user. 


Bits 
5, 2, 1, and 
0 of the 
MOR 
determine 
the 
equivalent 
MC6805R2 
mask 
options. 
0= All TCR bits are implemented 
as a software 
pro- 
grammable 
timer. 
The state 
of MOR 
bits 
5, 4, 
2, 1, and 
0 sets 
the 
initial 
values 
of their 
re- 
spective 
TCR bits. 


ClS 
- 
Timer/Prescaler 
Clock 
Source 
1 = External 
TIMER 
pin 
0= Internal 
clock 
Bit 4 
Not 
used 
if TOPT = I. Sets the 
initial 
value 
of TIE in 
the TCR if TOPT = O. 


1 =Not 
used 
O=Sets 
initial 
value 
of TIE in the TCR 
Bit 3 
Not 
used 
P2, Pl, 
PO 
The logical 
levels 
of these 
bits, when 
decoded, 
select 
one of eight 
outputs 
on the timer 
prescaler. 


Prescaler 


P2 
Pl 
PO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


PROGRAMMING 
CONTROL 
REGISTER 
(PCRI $008 


The 
PCR is an 8-bit 
register 
which 
provides 
the 
nec- 
essary 
control 
bits to program 
the EPROM. The bootstrap 
program 
manipulates 
the PCR when 
programming 
so the 
user 
need 
not 
be concerned 
with 
PCR in most 
applica- 
tions. 


7 


PlE 
- 
Programming 
latch 
Enable 
Controls 
address 
and 
data 
being 
latched 
into 
the 
EPROM. 
Set during 
reset, 
but 
may 
be cleared 
any- 
time. 


1 = Read EPROM 
0= latch 
address 
and data 
on EPROM 


PGE - 
Program 
Enable 
Enables 
programming 
of EPROM. 
Must 
be set when 
changing 
the address 
and data. 
Set during 
reset. 


1 = Inhibit 
EPROM 
programming 
0= Enable 
EPROM 
programming 
(if PlE 
is low) 
VPON -Vpp 
On 
A read-only 
bit that 
indicates 
high volta--9Ut 
the 'iEE 
pin. 
When 
set to 
"one", 
disconnects 
PGE and 
PlE 
from 
the chip. 


1 = No high 
voltage 
on Vpp 
pin 
O=High 
voltage 
on Vpp 
pin 


NOTE 


VPON being 
"zero" 
does not indicate 
that the Vpp 
level 
is correct 
for 
programming. 
It is used 
as a 
safety 
interlock 
for the user in the normal 
operating 
mode. 


VPON 
PGE 
PLE 
Programming 
Conditions 


0 
0 
0 
Programming 
mode 
(program 
EPROM byte) 


1 
0 
0 
PGE and PLE disabled from 
system 


0 
1 
0 
Programming 
disabled 
(latch 
address and data in EPROM) 


1 
1 
0 
PGE and PLE disabled from 
system 


0 
0 
1 
Invalid state; PGE= 0 if PLE= 0 


1 
0 
1 
Invalid slate; PGE= 0 if PLE= 0 


0 
1 
1 
"High voltage" 
on Vpp 


1 
1 
1 
PGE and PLE disabled from 
. 
system (operating 
model 


The EPROM can be erased 
by exposure 
to high-inten- 


sity ultraviolet 
(UV) light 
with 
a wavelength 
of 2537 angs- 
troms. 
The recommended 
integrated 
dose 
(UV intensity 


x 
exposure 
time) 
is 25Ws/cm2. 
The 
lamps 
should 
be 
used 
without 
software 
filters, 
and 
the 
MCU 
should 
be 
positioned 
about 
one inch from 
the UV tubes. 
Ultraviolet 


erasure 
clears 
all bits of the 
MCU 
EPROM 
to the 
"zero" 


state. 
Data then 
can be entered 
by programming 
"ones" 


into the desired 
bit locations. 


PROGRAMMING 


The MCU 
bootstrap 
program 
can be used to program 
the MCU EPROM. The alternate 
vectoring 
used to imple- 
ment the self-check 
is used to start execution 
of the boot- 


strap 
program. 
A MCM2532 
UV EPROM 
(other 
industry 
standard 
EPROMs 
may 
be used) 
must 
first 
be programmed 
with 
the same information 
that is to be transferred 
to the MCU 
EPROM. Refer to application 
note, MC68705P31R31U3 
8-bit 
EPROM 
Microcomputer 
Programming 
Module 
(AN-857 
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The chip resident 
B-bit analog-to-digital 
(AID) converter 
uses a successive 
approximation 
technique 
as show 
in 
Figure 
10. Four external 
analog 
inputs can be connected 
to the AID via Port D. Four internal analog channels (YRH- 
YRL, YRH - YRL/2, 
YRH - YRU4, 
and 
YRLl 
may 
be se- 
lected for calibration. 
The accuracy of these internal 
chan- 
nels 
may 
not 
meet 
the 
accuracy 
specifications 
of the 
external 
channels. 


Multiplexer 
selection 
is controlled 
by the AID control 
register 
(ACR) bits 0, 1, and 2. Refer to Table 2 for mul- 
tiplexer 
selection. 
The ACR is shown 
in Figure 
10. The 
converter 
uses 30 machine 
cycles to complete 
a conver- 
sion of a sampled 
analog 
input. 
When the conversion 
is 
complete, 
the 
digital 
value 
is placed 
in the AID result 
register 
(ARR); the conversion 
flag is set; selected 
input 


.- _._.•.•..~"'l::f'"'''' •.•." •.•• 
" 
ACR7 is clea;ed, 
the conversion 
in progress 
is aborted 
and the selected 
input, 
which 
is held internally, 
is sam- 
pled for five machine 
cycles. 


The converter 
uses YRH and YRL as reference 
voltages. 


An input 
voltage 
equal to or greater 
than YRH converts 
to $FF. An input 
voltage 
equal to or less than YRL, but 
greater 
than YSS, converts 
to $00. Maximum 
and mini- 
mum 
ratings 
must 
not be exceeded. 
Each analog 
input 
source should 
use YRH as the supply voltage 
and should 
be referenced 
to YRL for the ratiometric 
conversion. 
To 
maintain 
full 
accuracy 
of the 
AID, three 
requirements 
should 
be followed: 
(1) YRH should 
be equal 
to or less 
than YCc. (2) YRL should 
be equal to or greater than YSS 
but less than maximum 
specifications, 
and (3) YRH - YRL 
should 
be equal to or greater 
than 4 volts. 


The AID has a built-in 
1/2 LSB offset intended 
to reduce 
the magnitude 
of the quantizing 
errorto 
± 1/2 LSB, rather 
than + 0, -1 
LSB with 
no offset. 
This 
implies 
that, 
ig- 
noring 
errors, the transition 
point from $00 to $01 occurs 
at 1/2 LSB above 
YRL. Similarly, 
the transition 
from 
$FE 
to $FF occurs 
1-1/2 
LSB below 
YRH, ideally. 


AID Control Register 
Input Selected 
AID Output 
(Hex) 


ACR2 
ACRl 
ACRO 
Min 
Typ 
Max 


0 
0 
0 
ANO 
0 
0 
1 
AN' 
0 
1 
0 
AN2 
0 
1 
1 
AN3 
, 
0 
0 
VRH* 
FE 
FF 
FF 
1 
0 
1 
VRL* 
00 
00 
01 
1 
1 
0 
VRH/4* 
3F 
40 
41 
1 
1 
1 
VRH/2* 
7F 
80 
81 


D/A 


15 kO ITyp) 


POO/ANO 


PD1/ANl 
PD2/AN2 


PD3/AN3 


1-01-8 
Select 
Multiplexer 


AID 
Result 
Register 
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The MCU 
has a set of 59 basic 
instructions 
which 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is either 
the accumulator 
or the index 
register. 
The 
other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) 
instructions 
have 
no register 
operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to, A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the first 
256 bytes 
of the memory 
space where 
all port 
registers, 
port DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An 
additional 
feature 
allows 
the 
soft- 
ware 
to test 
and 
branch 
on the 
state 
of any 
bit 
within 
these 
256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For test 
and 
branch 
instructions, 
the value 
of 
the bit tested 
is also placed 
in the carry bit of the condition 
code 
register. 
Refer to the following 
list for 
bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O. 
.. 7) 


Branch if Bit n is Clear 
BRCLR n (n~O . .. 7) 


Set Bit n 
BSET n (n=O. 
.. 7) 


Clear Bit n 
BCLR n (n=O .. .7) 


READ·MODIFY·WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the 
modified 
value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero (TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does 
not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2'5 Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST • 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt Mask Bit is Clear 
BMC 


Branch if Interrupt Mask Bit is Set 
BMS 


Branch if Interrupt Line is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 
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CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer to the 
following 
list for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE MAP SUMMARY 


Table 3 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU uses ten different 
addressing 
modes to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, 
code con- 
version 
tables, 
and scaling tables anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions, 
while 
the longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and 
long absolute 
addressing 
is also included. Two byte direct- 
addressing 
instructions 
access all data bytes in most ap- 
plications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach all memory. 


The term "effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct 
addressing 
mode, the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows 
the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two 
bytes following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the B- 
bit signed 
byte (the offset) following 
the opcode 
is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the B-bit index 
register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only 
one byte 
long. This mode is often 
used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or 110 location. 


INDEXED, 8-BIT OFFSET 


In the 
indexed, 
B-bit offset 
addressing 
mode, 
the 
ef- 
fective address 
is the sum of the contents 
of the unsigned 
B-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode 
is useful 
for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with the address 
of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 
tables 
may begin 
anywhere 
within 
the first 256 address- 
able 
locations 
and could 
extend 
as far as location 
510 
($1 FE is the 
last location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address 
is the sum of the contents 
of the unsigned 
B-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This addressing 
mode can be used in a man- 
ner similar 
to indexed, 
B-bit offset 
except that this three- 
byte instruction 
allows tables to be anywhere 
in memory. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Any 
readlwrite 
bit in the first 256 locations 
of memory, 
including 
110, can 
be selectively 
set or cleared 
with 
a single 
two-byte 
in- 
struction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit to be tested, and its condition 
(set or clear), is included 
in the opcode. 
The address 
of the byte to be tested 
is in 
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dir, 
, 


\XX)I 


~ 


I 'BASEJf. 
BSE~~C 


10 
7 
•• 
BACL~f. 
BCL~~C 


I 
4 
BRSET,'A 
BSE~~,.. 


I lSAClR,lB 
BCl~~c: 
•• 


IISRSEVA 
BSE~t.~ .• 


11SRClRlA 
8Cl~t· •• 


I 
4 


BASETi. 
BSE~lr 


I 
4 
BRClA,3 


A 
BCl~t· 


I'SASer: 


A 
BSE~~r 
•• BHC~H 


lBAClAl~ 
7 BCl~~r 
•• BHC~FI 


I BASETi. 
BSE~~r 
4 
BPL." 


12. 
4 


BACL~,S. 
BCL~~r 


I'SRSETfA 
BSE~~C 
4 


lBACL~T611 
BCL~~C 
•• 


10 
7 
4 


BASEJl. 
BSE~~C 


lSRClA7 
BelA7 
4 


3 
BT8 
2 
ase 
2 


2 


0010 


r1" 


0:'00 


n~l 


~n 


7 
III 


Inherent 
Immediate 
Direct 
Extended 
Aelative 
Bit Set! Clear 
Bit Test and 
Branch 
Indexed 
(No Offset 1 


Indexed. 
I Byte 18·Bitl Offset 


Indexed, 
2 Byte 116·Bitl Offset 


6 


NEG 
• NEG 


IXI 
1 
IX 
1 
6 


BAARFI 
NEGnlR 
1 
NE~NH 
1 
NEG1NH 


BAN 


RF1 


SHIA" 


4 
4 
COMA 
COMX 


1 
INH 
\ 
INH 


4 
4 


1 lSR~NH 
1 LSA~NH 


COM 
COM 


1)(1 
1 
IX 
1 
6 


LSA 
L5R 


111.1 
1 
IX 


4 
4 
, 


BNER" 
ROR •..•IR 
1 ROA~"" 
,AOA~ 
H 


6 
4 
4 
7 


L5lA 
1 
INH 
1 


4 
4 


1 ROl~NH 
1 AOl~NH 


4 
4 


BMIR~' 


BM~H 
: 
INC DIR 
: 
INC~NH 
: 
INC~NH 


BMSRF1 
: 
TS\IR 
: 
TST~NH 
: 
TST~NH 


BI~uu 
BIT nlA 


4 


lD~MM 
2 
lOA01R 


: 
STAOI. 


4 


CLC1NH 
EO~t.AM' 
EORnlR 


, 
, 
4 


SEC 
ADC 
ADC 


1 
INH 
2 
IMM 
2 
OIR 
J 


I 
e 
,\XX) 


RTI 
'NH 


ROL" 
I 


DEC 


SEI 


1 
INH 
, 


I 
AS~NH 
, 


NDP 


1 
INH 


I of Cycles 
Mnemonic 


Bytes 


ADPMM 
} 
AD001R 


J 
JMP 
2 
- n'R 


BSA 
'JSA 
RU 
2 
DIR 
J 


lD~MM 
2 
lOX DIR 


:l 
STX 


2 
OIR 
J 


• 


1:'1 


SUB 


nlll 


CMP 
nlR 


,:'00 


SU~" 


CMP 


Xl 


BlTJOYT 


LOA 


Xl 


JSA 


EXT 
3 


LOX 


EXT 
3 


SUB", 


CMP 
IX 


,~. 


SUB", 


4 


CMP 
CMP 
1)(1 
I 
IX 


SBC 
• 
SBC 


lXI' 
1)( 


CPX,X2 


AND", 


BIT 
'w> 


LOA" 


AND", 


BIT 'w> 


LOA1"'1 
1 
LOA 
III 


STAlX1 
1 
STA 
III 


EOA 
EDA 


Ixl 
1 
IX 


STA,X2 


EOA 
IX 


ADD 
ADD 


IXI 
I 
IX 


JMP 
J JMP 


1)0 
1 
IX 


~ 


.J" 


J,n 


~1 


.:'00 
.,~, 


AND 
IX 


BIT 
" 


• 


the single 
byte 
immediately 
following 
the opcode 
byte. 


The signed 
relative 
8-bit offset 
in the third 
byte is added 
to the PC if the specified 
bit is set or cleared 
in the spec- 
ified memory 
location. 
This single three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of 
any readable 
bit in the first 256 locations 
of memory. 
The 
span of branching 
is from 
-125 
to + 130 from the opcode 
address. 
The state of the tested 
bit is also transferred 
to 
the carry 
bit of the condition 
code register. 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index 
register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 


structions 
are one byte long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 to + 7.0 
V 


Input Voltage 
V 
EPROM Programming Voltage 
(Vpp Pin) 
Vpp 
- 0.3 to + 22.0 
TIMER Pin - 
Normal Mode 
Vin 
-0.3 to + 7.0 
TIMER Pin - 
Bootstrap 
Programming Mode 
Vin 
-0.3 to + 15.0 
All Others 
Vin 
-0.3 to + 7.0 


Operating Temperature Range 
TA 
TL to TH 
'c 
MC68705R3 
o to + 70 
MC68705R3C 
-40 to 85 


Storage Temperature Range 
Tsta 
-55to 
+150 
'c 


Junction Temperature 
TJ 
'CIW 
Plastic 
150 
Cerdip 
175 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
Plastic (P Suffix) 
6JA 
50 
'c!w 
Plastic (FN Suffix) 
100 
Cerdip (S Suffix) 
60 


The average 
chip-junction 
temperature, 
TJ' in 'c can 
be obtained 
from: 


TJ=TA+(PO'BJA) 
(1) 
where: 


TA 
BJA 


Po 
PINT 
PPORT 


= Ambient 
Temperature, 
'c 


= Package Thermal 
Resistance, 


Junction-to-Ambient, 
°CIW 


= PINT+PPORT 
= ICCxVCC' 
Watts-Chip 
Internal 
Power 


= Port Power Oissipation, 


Watts - 
User Oetermined 


These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. For proper operation 
it is rec- 


ommended that Vin and Vout be constrained 
to the range VSS"'IVin and Vout)"'VCC. Re- 
liability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro- 
priate logic voltage level (e.g., either VSS or 
VCC)· 


For most 
applications 
PPORT<PINT 
and 
can 
be ne- 
glected. 
PPORT may become 
significant 
if the device 
is 
configured 
to drive 
Oarlington 
bases or sink LEO loads. 
An 
approximate 
relationship 
between 
Po and 
TJ (if 
PPORT is neglected) 
is: 


PO= K+ ITJ + 273°C) 
(2) 
Solving 
equations 
(1) and (2) for K gives: 


K = Po ' (TA + 273°C) + BJA'P02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. K 
can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for a known 
TA. Using 
this 
value 
of K, 
the values of Po and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA 
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PROGRAMMING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 
(VCC= 5.25 Vdc ± 0.5%, VSS = 0, TA = 20 to 30·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
Vpp 
20.0 
21.0 
22.0 
V 


Vpp Supply Current 
Ipp 
mA 
Vpp=5.25 
V 
- 
- 
8 
Vpp=21.0 
V 
- 
- 
30 


Oscillator 
Frequency 
fosc(p) 
0.9 
1.0 
1.1 
MHz 


Bootstrap Programming 
Mode Voltage 
VIHTP 
9.0 
12.0 
15.0 
V 
(TIMER Pin) @ IIHTP= 100,.A 
Maximum 


ELECTRICAL 
CHARACTERISTICS 
(VCC= + 5.25 Vdc ± 0.5 Vdc, VSS ~ 0 Vdc, TA ~ O· to 70·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 
RESET (4.75 '" VCC '" 5.75) 
4.0 
- 
VCC 
(VCC < 4.75) 
VCC-0.5 
- 
VCC 
INT 4.75 '" VCC < 5.75) 
4.0 
** 
VCC 
(VCC < 4.75) 
VCC-0.5 
** 
VCC 
All Other 
2.0 
- 
VCC 


Input High Voltage (TIMER Pinl 
VIH 
V 
Timer Mode 
2.0 
- 
VCC+1.0 
Bootstrap Programming 
Mode 
9.0 
12.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
VSS 
- 
0.8 
INT 
VSS 
** 
1.5 
All Other 
VSS 
- 
0.8 


INT Zero-Crossing 
Input Voltage - 
Through a Capacitor 
VINT 
2.0 
- 
4.0 
Vac p-p 


Internal Power Dissipation 
(No Port Loading, VCC= 5.25 V 
TA=O·C 
PINT 
- 
520 
740 
mW 
for Steady-State Operation) 
TA=40·C 
- 
580 
800 


Input Capacitance 
Cin 
pF 
EXTAL 
- 
25 
- 


All Other (See Note) 
- 
10 
- 


RESET Hysteresis Voltage 
V 
Out of Reset Voltage 
VIRES+ 
2.1 
- 
4.0 
Into Reset Voltage 
VIRES- 
0.8 
- 
2.0 


Programming 
Voltage (Vpp Pin) 
Vpp* 
V 
Programming 
EPROM 
20.0 
21.0 
22.0 
Operating Voltage 
4.75 
VCC 
5.75 


Input Current 
fLA 
TIMER (Vin = 0.4 VI 
- 
- 
20 
INT (Vin ~ 0.4 VI 
- 
20 
50 
EXTAL (Vin = 2.4 V to VcCI 
lin 
- 
- 
10 
(Vin~O.4 VI 
- 
- 
-1600 
RESET (Vin = 0.8 VI 
IRES 
-4.0 
- 
-40 
(External Capacitor Changing Current) 


*Vpp (pin 71 is connected to VCC in the normal operating 
mode. 
**Due to internal biasing, this input (when not used) floats to approximately 
2.0 V. 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
fosc 
MHz 


Normal 
0.4 
- 
4.2 


Instruction 
Cycle Time (41foscl 
tcve 
0.950 
- 
10 
fLs 


INT, INT2, or Timer Pulse Width 
tWL,tWH 
tcvc + 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc+250 
- 
- 
ns 


RESET Delay Time (External Cap = 1.0 fLFI 
tRHL 
- 
100 
- 
ms 


INT Zero Crossing Detection Input Frequency 
flNT 
0.03 
- 
1.0 
kHz 


External Clock Duty Cycle (EXTALI 
- 
40 
50 
60 
% 


Crystal Oscillator Start-Up Time 
- 
- 
- 
100 
ms 


AID CONVERTER 
CHARACTERISTICS 


IVCC= + 5.25 V :!: 0.5 Vdc, VSS = 0 Vdc, TA = O'C to 70'C, unless otherwise 
notedl 


Characteristic 
Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Non-Linearity 
- 
- 
± 1/2 
LSB 
For VRH = 4.0 to 5.0 V and VRL = 0 V. 


Quantizing 
Error 
- 
- 
±12 
LSB 


Conversion 
Range 
VRL 
- 
VRH 
V 


VRH 
- 
- 
VCC 
V 
AiD accuracy may decrease proportionately 
as 


VRL 
VSS 
- 
0.2 
V 
VRH is reduced be below 4.0 V. The sum of VRH 
and VRL must not exceed VCC. 


Conversion 
Time 
30 
30 
30 
tCYC 
Includes sampling 
time 


Monotonicity 
Inherent (within total error) 


Zero Input Reading 
00 
00 
01 
hexadecimal 
Vin~O 


Ratiometric 
Reading 
FE 
FF 
FF 
hexadecimal 
Vin=VRH 


Sample Time 
5 
5 
5 
tCYC 


Sample/Hold Capacitance, Input 
- 
- 
25 
pF 


Analog Input Voltage 
VRL 
- 
VRH 
V 
Negative transients 
on any analog lines (pins 


19-24) are not allowed 
at any time during 


conversion. 
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PORT ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc =,=0.5Vdc, VSS=O Vdc, TA=O" to 70"C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
..,A 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad= -10..,A 
VOH 
VCC-1.0 
- 
- 
V 


Input High Voltage, ILoad = - 300 ..,A (Max) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad = - 500 ..,A (Max) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to Vccl 
IIH 
- 
- 
-300 
IJ.A 


Hi-Z State Input Current (Vin ~ 0.4 VI 
IlL 
- 
- 
-500 
IJ.A 


Port B 


Output Low Voltage, ILoad=3.2 
mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad = - 200 IJ.A 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
IJ.A 


Port C 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad= -100 
IJ.A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
IJ.A 


Port 0 (Input Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Current 
lin 
- 
<1 
5 
IJ.A 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-621 


• 


11 


Test 
Point 
TestPoint~ I 


40 pF 
ITotal) 
MMD7000 
or Equiv. 


Figure 
11. TTL Equivalent 
Test 
Load 
(Port 
B) 
Figure 
12. CMOS 
Equivalent 
Test 
Load 
(Port 
A) 


-J 


VCC=5.75V 
3.34 kll 


Test 
Point l' 30 pF (Total) 


Figure 
13. TTL Equivalent 
Test 
Load 
(Ports 
A and C) 
Figure 
14. Open-Drain 
Equivalent 
Test 
Load 


(Port 
C) 


Port DDR 


Port Data 
PB DDR 
PB Data 


Test Point 
~p 


Vary 
V, 


Measure I 


:t 
V 


Figure 
18. 1/0 Characteristic 


Measurement 
Circuit 
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The following 
table 
provides 
generic 
information 
pertaining 
to the package 
type, temperature, 
and MC order 
numbers 
for the 
MC68705R3. 


Package Type 
Temperature 
Order Number 


Cerdip 
O'C to 70'C 
MC68705R3S 
S Suffix 
-40' 
to +85'C 
MC68705R3CS 


Plastic 
O'C to 70'C 
MC68705R3P 
P Suffix 
- 40'C to 85'C 
MC68705R3CP 


PLCC 
- 40'C to + 85'C 
MC68705R3CFN 
FN Suffix 


MECHANICAL 
DATA 
• 


PIN ASSIGNMENTS 


Vss I. 
40 
PAl 
Rffil 
J9 
PA6 
I~ -" 
w 
« 
~~ "'''' 
r--.U)U) 
u~ 
iIlT 
J8 
PA5 
«« 
« 
U) wl~ u x U 
0.. 0.. 0..> 
0:_> 
wZ 
Vcc • 
37 
PM 


EXTAL 
5 
36 
pAJ 
0 
6 


XTAL 
6 
35 
PA2 
PA3 
1 
XTAL 


vPP 
1 
34 
PAl 
PA2 
Vpp 


TIMER 
8 
33 
PAO 
PA1 
TIMER 


PCO 
9 
32 
PBl 
PBO 
PCO 


PCI 
10 
31 
PB8 
PB7 
PCl 


PC2 
11 
30 
PBS 
PB6 
PC2 


PeJ 
12 
29 
PB4 
PB5 
PC3 


PC4 
13 
2B 
PB3 
PB4 
PC4 


PB3 
PC5 
PC5 ,. 
27 
PB2 


PBl 
PB2 
NC 
PCB 
IS 
26 
PB1 
PC6 
PCl 
16 
25 
PBO 
23 
18 
POl 
17 
2' 
PDQ/ANO 


P06/INT2 
18 
23 
P01/ANl 
00 
- '" 
MV)....JIN 
,... ,... 
lDZZ 
Z 
zV)a:a:1- 
ou 


PD5/VRH 
19 
22 
P02/AN2 
o..«~ ~ «»>2 
0..0.. 


PD4IVRL 
21 
PD3/AN3 
o ~ 
N 
M 
~LO~ 
20 
00 0 
~ 
Cl.~~ 
0..0.. 
0.. 
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Technical Summary 
8-Bit EPROM Microcontroller Unit 


II 


. The MC68705R5 
(HMOS) 
Microcontroller 
Unit 
(MCUI 
is an EPROM 
member 
of the MC6805 
Family 
of microcontrollers. 
The user programmable 
EPROM 
allows 
program 
changes 
and lower 
volume 
applications. 
This 
low 
cost 
MCU 
has parallel 
I 0 capability 
with 
pins 
programmable 
as input 
or out- 
put. This 
publication 
contains 
condensed 
information 
on the MCU; 
for detailed 
information, 
refer 
to 
M6805 
HMOS, 
M146805 
CMOS 
Family 
User's 
Manual 
(M6805UM(AD2)) 
or contact 
your 
local 
Moto- 


rola sales 
office. 


Refer to the block 
diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
Internal 
8-Bit 
Timer 
with 
7-Bit 
Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
I 0 


• 
Versatile 
Interrupt 
Handling 


• 
Bit Manipulation 


• 
Bit Test and 
Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
Bootstrap 
program 
in ROM 


• 
112 Bytes 
of RAM 


• 
3776 Bytes 
of Eprom 


• 
24110 
Pins 


• 
4-Channel 
Analog-to-Digital 


Converter 


• 
EPROM 
Security 
Feature 


PAC 
PAl 
Accumulator 


P"" 
PAl 
Dala 
8 
A 
CPU 
A 
PAJ 
Ou 
Index 
Control 
I/O 
PM 
Reg 
Reglsutf 
PDO/ANO 


Lones 
PA5 
8 
X 
POI/ANI 


PAS 
CondtlK>fl 
P02/AN2 
Port 


PA7 
C_ 
P03/AN3 
0 


Regtster 
CC 
PD4/VRl 
Input 


CPU 
P05IVRH 
lines 


Stack 
PD6/ii'iTI 


P80 
POinter 
P07 


P81 
Program 
POri 
P82 
Port 
Data 
Counter 
8 
PB3 
8 
0. 
Hogh 
PCH 
I/O 
PIl4 
Reg 
Reg 
AlU 
Lones 
P85 
Progfam 


PB6 
COUnlef 


P87 
8 
low 
PCl 
PCO 
PCI 
PC2 
Port 


PC3 
C 


PC4 
I/O 


PC5 
LInes 
PC6 
PC7 
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VCC AND VSS 


Power 
is supplied 
to the microcontroller 
using 
these 
two 
pins. VCC is + 5.25 volts (± O.5M power, 
and VSS is 
ground. 


Vpp 


This 
pin 
is used when 
programming 
the EPROM. 
In 
normal 
operation, 
this pin is connected 
to VCC. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 


plying 
an external 
interrupt 
to the MCU. Refer to INTER- 
RUPTS for more 
detailed 
information. 


EXTAL,XTAL 


These pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
(depending 
on mask option 
register 
setting) 
is connected 
to these pins to provide 
a 


system 
clock. 


RC Oscillator 


With this option, 
a resistor 
is connected 
to the oscillator 
pins as shown 
in Figure 
1. The relationship 
between 
R 


and fosc is shown 
in Figure 2. 


C, 
C 


1t:J- 


EXTAL 
S 
XTAL 


5 
Co 
6 


AT 
- 
Cut 
Parallel 
Resonance 
Crystal 
Co= 7 pF Max 
Freq.= 40 MHz@ CL= 24pF 


AS = 50 
ohms 
Max. 


Piezoelectric 
ceramic 
resonators 
which 


have 
the equivalent 
specifications 
may 
be 
used instead of crystal oscillators. Follow 
ceramic 
resonator 
manufacturer's 
sug- 


gestions 
for CO' C,. 
and 
A S values 


External 


Clock 
Input 


MCU 


EXTAL 
(Crystal Option, 


See 
Note 
1) 


80 


70 
I 60 
~ 
> 50 
g~~~ 40 
.! 


~ 


30 


~ 20 
0 


10 


0 0 


Figure 2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 


using 
a crystal. 
The crystal 
and components 
should 
be 


mounted 
as close as possible 
to the input 
pins to mini- 
mize output 
distortion 
and startup stabilization 
time. Refer 


to ELECTRICAL SPECIFICATIONS 
for VCC specifications. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL input 
with the XTAL input connected 
to VSS, as shown 
in Fig· 


ure 
1. This 
option 
may 
only 
be used 
with 
the 
crystal 


oscillator 
option 
selected 
in the mask option 
register. 


MCU 


EXTAL 
(Crystal 
Option, 


See 
Note 
11 


MCU 


tRC 
Option, 


See 
Note 
1) 


MCU 
EXTAL 
IRC 
Option. 


No 
See 
Note 
1) 


Connection 


Approximately 
25% 
to 50% 
Accuracy 


Typical lcyc= 
1.25 ~s 


External 
Jumper 


Approximately 
10% 
to 25% 
Accuracy 


I Excludes 
ReSIstor 
T olerancel 


External 
ResIstor 


NOTES: 
1. For the MC68705R5 MaR b7~0 for the crystal option and MaR b7= 1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROMprogramming 
model. the crystal option is forced. When the TIMER input is at or below 
VCC,the clock generator option is determined by bit 7 of the Mask Option Register (ClK). 
2. The recommended Cl value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 


'nternal capacitance of approximately 25 pF on the XTAl pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAl and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 


Figure 
1. Oscillator 
Connections 
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TIMER 


This 
pin 
is used 
as an 
external 
input 
to 
control 
the 
internal 
timer/counter 
circuitry. 
This 
pin 
also 
detects 
a 
higher 
voltage 
level 
used 
to 
initiate 
the 
bootstrap 
pro- 
gram. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 
pullup. 
The MCU 
can be reset 
by pulling 
RESET low. 


INPUT/OUTPUT 
LINES {PAO-PA7, 
PBO-PB7, PCO-PC7, 


PDO-PD71 


These 
32 lines 
are arranged 
into four 
8-bit 
ports 
(A, B, 
C. and D). Ports A, B, and C are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data 
di- 
rection 
registers. 
Port D is a fixed 
input 
port. 
It has up to 
four analog 
inputs, 
plus two voltage 
reference 
inputs when 
the 
analog-to~tal 
converter 
is used 
(PD5NRH, 
PD4/ 


VRLl, and an INT2 input. 
Port D lines can be read directly 
and used as binary 
inputs. 
If an analog 
input 
is used, then 
the 
voltage 
reference 
pins 
must 
be used 
in the 
analog 
mode. 
Refer to PROGRAMMING 
for additional 
informa- 
tion. 


PROGRAMMING 


INPUT/OUTPUT 
PROGRAMMING 
I 
Ports A, B, and C are programmable 
as either 
input 
or 
output 
under 
software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Port D lines 
are input 
only. 
The 
port 
I/O programming 
is accomplished 
by 
writing 
the 
corresponding 
bit in the port DDR to a logic one for output 
and 
a logic 
zero 
for 
input. 
On 
reset, 
all 
the 
DDRs 
are 
initialized 
to a logic zero state to put the ports 
in the input 
mode. 
The 
port 
output 
registers 
are 
not 
initialized 
on 
reset 
and 
should 
be written 
to 
before 
setting 
the 
DDR 
bits. 
When 
programmed 
as outputs, 
the latched 
output 
data 
is readable 
as input 
data regardless 
of the logic 
levels 
at 
the output 
pin due to output 
loading. 
The latched 
output 


data 
bit may 
always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This 
port 
write 
may 
be used 
to initialize 
the data registers 
and avoid 
undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since 
the 
data 
read 
corresponds 
to the 
pin 
level 
if the 
DDR is an input 
(zero) 
and, 
also, 
to the 
latched 
output 
when 
the 
DDR is an output 
(one). 
See Table 
1 for 
I/O 
functions 
and to Figure 
3 for typical 
port 
circuitry. 
Port D provides 
reference 
voltage 
and multiplexed 
an- 
alog 
inputs. 
The VRL and 
VRH 
lines 
are internally 
con- 
nected 
to the AID resistor. 
Port D can always 
be used as 
digital 
inputs, 
but for analog 
inputs, 
VRH and VRL must 
be connected 
to the appropriate 
reference 
voltage. 


NOTE 
Read-modify-write 
instructions 
should 
not be used 
when 
writing 
to the DDR because 
DDRs always 
read 
as 'one'. 


Data 
Latched 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 
, 
a 
a 
a 
1 
1 
, 
1 
a 
x 
Hi·Z** 
Pin 


"Port 
Band Carethree-state ports. Port A has an internal pullup 
devices to provide CMOS data drive capability. 


The MCU is capable 
of addressing 
4096 bytes 
of mem- 
ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The location 
consist 
of user 
EPROM, 
bootstrap 
ROM, 


user RAM, a mask option 
register 
(MOR), 
a program 
con- 
trol 
register, 
miscellaneous 
register, 
AID 
control 
regis- 
ters, and I/O. The interrupt 
vectors 
are located 
from 
$FF8 
to $FFF. The bootstrap 
is a mask-programmed 
ROM that 
allows 
the MCU 
to program 
its own 
EPROM. 


Internal 
Connections 


Figure 
3. Typical 
Port 
I/O Circuitry 
and 
Register 
Configuration 
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MC68705R5 


7 
0 
000 
$000 
110 Ports 
,,~,.'o{ 
Timer 


Access With 
RAM 


Short 
127 
1128 Bytes) 
$07F 


Instructions 
128 
Page Zero 
$00() 
User EPROM 


255 
i2..28~yt~ 


255 


User 
Main 
EPROM 
13640 Bytesl 


3895 
----- 


3B96 
Mask 
Option 
Register 


3897 
3967 
Not Used 


396B 
Bootstrap 
ROM 


4007 
1120 Bytes) 
$FF7 


'"'~"!§ 


$FFB 
Timer 
Interrupt 
$FF9 
----- 
$FFA 
External Interrupt 
$FFB 


Vectors 
4092 
$FFC 


4093 


SWI 
$FFD 
4094 
$FFE 
4095 
Reset 
$FFF 


Port A Data Register 
$CXX) 


Port B Data Register 
$001 


Port C Data Register 


Port 0 Data Register 


PortA 
OOR" 


Port B DDR* 
$005* 


Port 
C DDR * 
S0CX3* 


Not Used 
$007 


Timer Data Register 
$008 


9 
Timer Control Register 
$009 


10 
Miscellaneous Register 
$OOA 


11 
Program Control Register 
$008 


12 
Not Used 
$OOC 


13 
Not Used 
$000 


AID 
Control 
Register 
$ooE 


The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes and increments 
during 
pulls. 


Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent it from being 
overwritten 
due 
to stacking 
from 
an interrupt 
or 
subroutine 
call. 


The MCU contains 
the registers 
described 
in the fol- 


lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and 
results 
of arithmetic 
calcu- 


lations 
or data manipulations. 


INDEX 
REGISTER 
(X) 


The index 
register 
is an 8-bit 
register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit value 
that 
may be added to an 8- or 16- bit immediate 
value to create 


an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


I 
0 
I 
~I 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is an 12-bit register 
that contains 


the address 
of the next byte to be fetched. 


11 
8 
I 
0 


PCH 
I 
PCl 
J 


STACK POINTER 
(SP) 


The stack pointer 
is an 12-bit register 
that contains 
the 
address 
of the next free location 
on the stack. During 
an 
MCU 
reset or the 
reset stack pointer 
(RSP) instruction, 
the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed onto the stack and 
incremented 
as data is pulled 
from 
the stack. 


The seven most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. Subroutines 
and interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 


mum). 
which 
allows 
the 
programmer 
to use up to 
15 


levels of subroutine 
calls (less if interrupts 
are allowed). 


11 
5 4 
0 


~ 
SP 
I 
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The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program, 
and specific 
actions 
can be taken as a result of 
their 
state. 
Each bit is explained 
in the following 
para- 


graphs. 


4 
0 


~ 


Half Carry (H) 


This bit is set during 
ADD and ADC operations 
to in- 


dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
IN) 


When 
set, this bit indicates 
that the result 
of the last 
arithmetic, 
logical, or data manipulation 
was negative 
(bit 
7 in the result 
is a logic 
1). 


Zero (Z) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
(C) 


When set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occured 
during 
the 


last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and branch 
instructions, 
and during 
shifts 
and 
rotates. 


The MCU can be reset two ways: 
by initial 
power-up 
and by the external 
reset input (RESET). The RESET input 


consists 
mainly 
of a Schmitt 
trigger 
that senses the reset 
line logic level. 


POWER-aN-RESET 
(paR) 


An internal 
reset is generated 
on power-up 
that allows 
the 
internal 
clock 
generator 
to stabilize. 
The power-on 
reset is used strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect any drop in the power supply 
voltage. 
A delay of tRHL milliseconds 
is required 
before 
allowing 
RESET input to go high. Connecting 
a capacitor 
to the RESET input (Figure 5) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic zero is applied 
to the 
RESET input for a period 
longer than one machine 
cycle 
(tcyel. Under this type of reset, the Schmitt trigger switches 
off at VIRES - 
to provide 
an internal 
reset voltage. 


INTERRUPTS 


The MCU can be interrupted 
four 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with the 
internal 
timer 
interrupt 
request, 
(3) using 
the 
software 
interrupt 
instruction 
(SWI), or (4) the external Port D (lNT2) 
input 
pin. 
Interrupts 
cause the processor 
registers 
to be saved on 
the 
stack and the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from the stack after which 
normal 
processing 
resumes. The stacking 
order is shown 
in Figure 6. 
Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted 
but 
are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


4 
3 
1 


Condillon 
Code Register 


NOTE 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardward 
interrupts 
and, if unmasked 
(I bit clear). 
proceeds 
with 
interrupt 
processing; 
other- 
wise, the next instruction 
iffetched 
and executed. 
Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status bit is cleared before unmasking 
the 
interrupt, 
then the interrupt 
is not latched. 
If both an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 
ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction 
processing 
sequence. 
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1 .llin 
CCI 


07F. SP 
O. DDRs 
CLRINT Logic 


FF. Timer 
TCR6.1 
TCR7.0 


Load 
PC From 
SWI: 
FFC/FFD 
lNT: 
FFA/FFB 
Timer 
or 
INT2: 
FF8/FF9 


TIMER INTERRUPT 
If the time 
mask bit (TCR6) is cleared, 
then, each time 


the timer decrements 
to zero (transitions 
from $01 to $001, 
an interrupt 
request 
is generated. 
The actual 
processor 
interrupt 
is generated 
only if the interrupt 
mask bit of the 
condition 
code register 
(CCR) is also cleared. 
When the 


interrupt 
is recognized, 
the current 
state of the machine 


is pushed 
onto 
the stack and the I bit in the CCR is set. 


masking 
further 
interrupts 
until 
the present 
one is serv- 


iced. The contents 
of the timer 
interrupt 
vector, 
contain- 


ing the location 
of the timer 
interrupt 
service 
routine, 
is 


then loaded 
into the program 
counter. 
At the end of the 


timer 
interrupt 
service routine, 
the software 
normally 
ex- 


ecutes an RTI instruction 
which restores the machine state 
and starts executing 
the interrupted 
program. 
The timer 
interrupt 
status bit can only be cleared 
by software. 


EXTERNAL 
INTERRUPT 
The external 
interrupt 
is intern<lJ.ly synchronized 
and 
then latched on the falling 
edge of INT and INT2. Clearing 


the I bit enables the external 
interrupt. 
The INT2 interrupt 
has an interrupt 
request 
bit (bit 7) and a mask bit (bit 6) 


in the miscellaneous 
register 
(MR). The INT2 interrupt 
is 


inhil,ited 
when 
the mask bit is set. The INT2 is always 


read as a digital 
input 
on port 
D. The INT2 and timer 
interrupt 
request 
bits, if set, cause the MCU to process 


an interrupt 
when 
the condition 
code I bit is clear. The 


following 
paragraphs 
describe 
two 
typical 
external 
in- 


terrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signallflNT 
maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 8al for use 
as a zero-crossing 
detector 
Ifor 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging 
dis- 


engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 


rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and, thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 8bL the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
frequency 
of a 
signal 
that can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 
Refer to TIMER for additional 
information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable 
instruction 
that is executed 


regardless 
of the state of the I bit in the CCR The SWI 


execution 
is similar 
to the hardware 
interrupts. 


II 
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I 


ac 
(Current 


Input 


ItINT 
Ma"J~,m",ngl 
2 
iNT 


Rs! 
MO 


ac Input::S 
R 
0.1-1.0 
lOVacP-p 
.F 


TTL 


Level 
Digital 


Input 


lJ 


EPROM Microcontroller 
Programming 
Module, 
(AN-857 


Rev.2). 


The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit software 
programmable 
pres- 
caler. The various 
timer 
sources are made via the timer 


control 
register 
(TCR) andlor 
the 
mask option 
register 
(MOR). The 8-bit counter 
may be loaded 
under program 
control 
and is decremented 
toward 
zero. When the timer 
reaches zero, the timer 
interrupt 
request bit (bit 7) in the 
timer 
control 
register 
(TCR) is set. Refer to Figure 9 for 
timer 
block diagram. 


The timer interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 6) in the TCR. When the 


Tuner 


Interrupt 


Request 


The MCU has two modes of operations. 
These modes 


are the normal 
and bootstrap. 
The following 
paragraphs 
describe 
the modes. 


NORMAL 
MODE 
This mode is a single-chip 
mode and is entered 
if the 
following 
conditions 
are met: (1) the RESET line is low, 
(2) the pca 
pin is within 
its normal 
operational 
range, 


and (3) the Vpp pin is connected 
to VCe- The next rising 
edge of the RESET pin then causes the part to enter the 
normal 
mode. 


BOOTSTRAP 
The bootstrap 
mode is entered if the TIMER pin equals 
12 V. Refer to application 
note, MC68705P31R31U3 8-Bit 
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I bit in the condition 
code register 
is cleared 
and the TCR 
bit 6 is cleared, 
the processor 
receives the interrupt. 
The 
MCU responds 
to this interrupt 
by (1) saving 
the present 
CPU state 
on the 
stack, (2) fetching 
the timer 
interrupt 
vector, 
and (3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request 
bit must 
be cleared 
by software. 
Refer 
to RESETS and INTERRUPTS for additional 
information. 
The prescaler 
is a 7-bit divider 
which 
is used to extend 
the 
maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 


a logic 
1; however, 
the TCR bit 3 always 
reads as a logic 


o to ensure 
proper 
operation 
with 
read-modify-write 
in- 
structions. 


The timer 
continues 
to count past zero, falling 
from $00 


through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time by reading 
the timer 
data register 
(TDR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 


turbing 
the counting 
process. 
The TDR is unaffected 
by 
reset. 


SOFTWARE 
CONTROLLED 
MODE 


This 
mode 
is selected 
when 
TOPT (bit 6) in the MaR 
is programmed 
to zero. The timer 
prescaler 
input can be 
configured 
for 
three 
different 
operating 
modes 
plus 
a 


disable 
mode, 
depending 
on the 
value 
written 
to TCR 


control 
bits 4 and 5 (TIE and TIN). The following 
para- 


graphs 
describe 
the different 
modes. 


Timer 
Input 
Mode 
1 


When 
TIE and TIN are both 
programmed 
to zero, the 


timer 
input 
is from 
the internal 
clock (phase two) and the 
timer 
input 
pin is disabled. 
The internal 
clock mode 
can 


be used 
for 
periodic 
interrupt 
generation 
as well 
as a 


reference 
for frequency 
and event 
measurement. 


Timer 
Input 
Mode 
2 


When 
TIE = 1 and TIN = 0, the 
internal 
clock 
and the 


timer 
input 
signals 
are ANDed 
to form 
the timer 
input. 


This mode can be used to measure 
external 
pulse widths. 


The active high, external 
pulse gates in the internal 
clock 


for the 
duration 
of the external 
pulse. 
The accuracy 
of 
the count 
is :t 1. 


Timer 
Input 
Mode 
3 


When TIE = 0 and TIN = 1, no prescaler 
input frequency 


is applied 
to the prescaler 
and the timer 
is disabled. 


Timer 
Input 
Mode 
4 


When TIE and TIN are both one, the timer 
input is from 


the external 
clock. The external 
clock can be used to count 
external 
events 
as well 
as to 
provide 
an external 
fre- 


quency 
for generating 
periodic 
interrupts. 
Frequency 
of 
external 
input 
must 
be '" fosc/8. 


MOR CONTROLLED 
MODE 


This 
mode 
is selected 
when 
TOPT (bit 6) in the MaR 
is programmed 
to logic 
one. The timer 
circuits 
are the 
sa'Tle as described 
in SOFTWARE 
CONTROLLED 
MODE. 


The logic levels of TCR bits 0, 1,2, and 5 are determined 
during 
EPROM programming 
by the same bits in the MaR. 


Therefore, 
bits 0, 1, 2, and 5 in the MaR control 
the pres- 


caler division 
and the timer 
clock selection. 
TIE (bit 4) and 


PSC (bit 3) in the TCR are set to a logic one when 
in the 


MaR 
controlled 
mode. 
TIM 
(bit 
6) and TIR (bit 
7) are 
controlled 
by the counter 
and software. 


TIMER CONTROL 
REGISTER (TCR) $009 


This is an 8-bit register 
that controls 
various 
functions 
such as configuring 
operation 
mode, 
setting 
ratio of the 


prescaler, 
and generating 
timer 
interrupt 
request 
signal. 


All bits are read/write 
except 
bit 3. The configuration 
of 


the TCR is determined 
by the TOPT (bit 6) in the MaR. 


When TOPT= 
1, the TCR emulates 
the MC6805R2; 
when 


TOPT = 0, the TCR is controlled 
by software. 


*The value of corresponding 
bits In MOR IS written 
dUring RESET rising 
edge. These bits always read "one" 


TIR - 
Timer 
Interrupt 
Request 


Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 


1 = Set when the timer 
data register 
changes 
to all 
zeros 
0= Cleared 
by external 
reset, 
power·on 
reset, 
or 
under 
program 
control 


TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt 
1 = Interrupt 
inhibited 
0= Interrupt 
enabled 


TIN - 
External 
or Internal 
Selects 
input 
clock source 


1 = External 
clock selected 
0= Internal 
clock selected 
(fosc 41 


TIE - 
TIMER External 
Enable 


Used to enable 
external 
TIMER pin. When TOPT 
1, 


TIE is always 
a logical 
"one", 


1 = Enables external 
timer 
pin 
0= Disables 
external 
timer 
pin 
PSC - 
Prescaler 
Clear 


Write 
only 
bit. Writing 
a one to this 
bit 
resets 
the 
prescaler 
to zero. A read of this 
location 
always 
in- 
dicates 
a zero when 
TOPT = O. When 
TOPT = 1, this 


bit will 
read a logical 
"onel" 
and has no effect 
on 
the prescaler. 


PS2, PS1, PSO- 
Prescaler 
Select Bits 


Decoded 
to select one of eig ht outputs 
of the pres- 


caler 


NOTES 
When changing 
the PS bits in software, 
the PSC 


bit should 
be written 
to a "one" 
in the same write 
cycle to clear the prescaler. 
Changing 
the 
PS bits 


without 
clearing 
the prescaler 
may cause prescaler 
truncation. 
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PS2 
PS1 
PSO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


MASK 
OPTION 
REGISTER 
(MOR) 
$F38 


The MOR is implemented 
in EPROM. This register 
con- 


tains 
all zeros 
prior 
to programming 
and 
is not affected 
by 
reset. 
The 
MOR 
bits 
are described 
in the 
following 
paragraphs. 


7 
6 


CLK - 
Clock 
(oscillator 
typel 
1 = Resistor 
Capacitor 
(RC) 


0= Crystal 
TOPT - 
Timer 
Option 


1 = MC6805R2 
type 
timer 
prescaler. 
All bits except 


6 and 
7, of the 
TCR are invisible 
to the 
user. 
Bits 
5, 2, 1, and 
0 of the 
MOR 
determine 
the 
equivalent 
MC6805R2 
mask 
options. 
0= All TCR bits are implemented 
as a software 
pro- 
grammable 
timer. 
The state 
of MOR 
bits 
5, 4, 


2, 1, and 
0 sets 
the 
initial 
values 
of their 
re- 


spective 
TCR bits. 


CLS - 
TimerlPrescaler 
Clock 
Source 
1 = External 
TIMER 
pin 
0= Internal 
clock 
Bit 4 
Not 
used 
if TOPT = 1. Sets the 
initial 
value 
of TIE in 
the TCR if TOPT = O. 


1 = Not 
used 
0= Sets initial 
value 
of TIE in the TCR 


SNM 
- 
Secure 
Mode 
1 = EPROM 
contents 
cannot 
be access 
externally 
0= EPROM 
not programmed 
P2, Pl, 
PO - 
The 
logical 
levels 
of these 
bits, 
when 
de- 


coded, 
select 
one of eight 
outputs 
on the timer 
prescaler. 


P2 
P1 
PO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


PROGRAMMING 
CONTROL 
REGISTER 
(PCR) $OOB 


The 
PCR is an 8-bit 
register 
which 
provides 
the 
nec- 
essary 
control 
bits to program 
the 
EPROM. 
Because 
the 


bootstrap 
program 
manipulates 
the PCR when 
program- 


ming, 
the user 
need 
not be concerned 
with 
PCR in most 


applications. 


7 
6 


PLE - 
Programming 
Latch 
Enable 
Controls 
address 
and 
data 
being 
latched 
into 
the 


EPROM. 
Set during 
reset, 
but 
may 
be cleared 
any- 


time. 


1 = Read EPROM 
0= Latch 
address 
and data 
on EPROM 


PGE - 
Program 
Enable 


Enables 
programming 
of EPROM. 
Must 
be set when 


changing 
the address 
and data. 
Set during 
reset. 


1 = Inhibit 
EPROM 
programming 
0= Enable 
EPROM 
programming 
(if PLE is low) 


VPON - 
Vpp On 


A read-only 
bit that 
indicates 
high volta~t 
the "'..eE 
pin. 
When 
set to 
"one", 
disconnects 
PGE and 
PLE 
from 
the chip. 


1 = No high 
voltage 
on Vpp 
pin 


0= High 
voltage 
on Vpp 
pin 


NOTE 


VPON 
being 
"zero" 
does 
not indicate 
that 
the Vpp 


level 
is correct 
for 
programming. 
It is used 
as a 
safety 
interlock 
for the user in the normal 
operating 


mode. 


VPON 
PGE 
PLE 
Programming 
Conditions 


0 
0 
0 
Programming 
mode 
(program 


EPROM byte) 


1 
0 
0 
PGE and PLE disabled from 
system 


0 
1 
0 
Programming 
disabled 
(latch 


address and data in EPROM) 


1 
1 
0 
PGE and PLE disabled from 
system 


0 
0 
1 
Invalid state; PGE= 0 if PLE= 0 


1 
0 
1 
Invalid state; PGE= 0 if PLE= 0 


0 
1 
1 
"High voltage" 
on Vpp 


1 
1 
1 
PGE and PLE disabled from 
system (operating 
model 


ERASING 
THE EPROM 


The EPROM 
can be erased 
by exposure 
to high-inten- 
sity ultraviolet 
(UV) light 
with 
a wavelength 
of 2537 angs- 


troms. 
The recommended 
integrated 
dose 
(UV intensity 


x 
exposure 
time) 
is 25Ws/cm2. 
The 
lamps 
should 
be 


used 
without 
software 
filters, 
and 
the 
MCU 
should 
be 
positioned 
about 
one inch from 
the UV tubes. 
Ultraviolet 


erasure 
clears all bits of the MCU EPROM to the "0" 
state. 


Data then 
can be entered 
by programming 
"ls" 
into the 


desired 
bit locations. 
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PROGRAMMING 


The MCU bootstrap 
program 
can be used to program 
the MCU EPROM. The alternate 
vectoring 
used to imple- 


ment the self-check 
is used to start execution 
of the boot- 


strap 
program. 


A MCM2532 
UV EPROM 
lother 
industry 
standard 
EPROMs 
may 
be used) 
must 
first 
be programmed 
with 
the same information 
that is to be transferred 
to the MCU 
EPROM. The MC68705R5 
is programmed 
the same as the 


MC68705R3. 
Refer to application 
note, MC68705P3/R3/U3 


8-Bit 
EPROM 
Microcontro//er 
Programming 
Module 
(AN-857 
Rev.2) for schematic 
diagrams 
and instructions 
on programming 
the MCU EPROM. 


EMULATION 


The 
MC68705R5 
emulates 
the 
MC6805R2 
and 
MC6805R3 "exactly". 
The MC6805R2 and MC6805R3 mask 


features 
are 
implemented 
in the 
mask 
option 
register 


EPROM 
byte. 
The following 
list 
identifies 
a few 
minor 
exceptions 
to the exactness 
of the emulation. 
1. The 
MC6805R2 
"future 
ROM" 
areas 
are 
imple- 


mented 
in the 
MC68705R5, 
and these 
1728 bytes 


must be left unprogrammed 
to accurately 
simulate 


the MC6805R2. 


2. The reserved 
ROM areas have different 
data stored 


in them. 
In the MC6805R2, this area is used for self- 
check, 
and in the MC68705R5 
this area is used for 


the bootstrap 
program. 


3. The MC6805R2 reads all ones in the 48 byte "future 


RAM" 
area. This 
area is not 
implemented 
on the 


MC6805R2 
mask ROM version 
but is implemented 
on the MC68705R5. 


4. The MC68705R5 Vpp (pin 7) line is tied to VCC during 


normal 
operations. 
On 
MC6805R2, 
this 
pin 
is 


grounded 
during 
normal 
operation; 
on MC6805R3, 


this 
pin is not connected. 


PDQ/ANO 


P01/ANl 
P02/AN2 


P03/AN3 


1-01-8 
Select 
Multiplexer 


The chip resident 
8-bit analog-to-digital 
(AID) converter 
uses a successive 
approximation 
technique 
as show 
in 


Figure 
10. Four external 
analog 
inputs 
can be connected 


to the AID via port D. Four internal analog channels (VRH 
VRL, VRH - VRL/2, 
VRH - VRL/4, 
and 
VRLi 
may 
be se- 


lected for calibration. 
The accuracy of these internal 
chan- 


nels 
may 
not 
meet 
the 
accuracy 
specifications 
of the 


external 
channels. 


Multiplexer 
selection 
is controlled 
by the A D control 


register 
(ACR) bits 0, 1, and 2. Refer to Table 2 for mul- 


tiplexer 
selection. 
The ACR is shown 
in Figure 
10. The 


converter 
uses 30 machine 
cycles to complete 
a conver- 


sion of a sampled 
analog 
input. 
When the conversion 
is 


complete, 
the 
digital 
value 
is placed 
in the 
A D result 


register 
(ARR); the conversion 
flag is set; selected 
input 
is sampled 
again; 
and a new conversion 
begins. 
When 


ACR7 is cleared, 
the conversion 
in progress 
is aborted 


and the selected 
input. 
which 
is held internally, 
is sam- 


pled for five machine 
cycles. 


The converter 
uses VRH and VRL as reference 
voltages. 


An input 
voltage 
equal 
to or greater 
than VRH converts 


to $FF. An input 
voltage 
equal 
to or less than 
VRL, but 


greater 
than VSS, converts 
to $00. Maximum 
and mini· 


mum 
ratings 
must 
not be exceeded. 
Each analog 
input 
source should 
use VRH as the supply 
voltage 
and should 


be referenced 
to VRL for the ratiometric 
conversion. 
To 


maintain 
full 
accuracy 
of the 
A D, three 
requirements 


should 
be followed: 
(11 VRH should 
be equal 
to or less 


than VCC, (21VRL should 
be equal to or greater 
than VSS 


but less than maximum 
specifications, 
and 131VRH 
VRL 
should 
be equal 
to or greater 
than 4 volts. 


The A D has a built-in 
1 2 LSB offset 
intended 
to reduce 


the magnitude 
of the quantizing 
error to 
1 2 LSB rather 


than 
+ 0, 
1 LSB with 
no offset. 
This 
implies 
that. 
l(j- 


noring 
errors, 
the transition 
point from 
SOO to SOl 
occurs 


A/O 
Result 


Register 


• 
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AID Contra: Register 
Input Selected 
AID Output (Hex) 


ACR2 
ACRl 
ACRO 
Min 
Typ 
Max 


0 
0 
0 
ANO 
0 
0 
1 
AN1 
0 
1 
0 
AN2 
0 
1 
1 
AN3 
1 
0 
0 
VRH* 
FE 
FF 
FF 


1 
0 
1 
VRL* 
00 
00 
01 
1 
1 
0 
VRH 4* 
3F 
40 
41 
1 
1 
1 
VRH 2* 
7F 
80 
81 


at 1 2 LSB above 
VRL. Similarly, 
the transition 
from 
$FE 
to $FF occurs '-1 2 LSB below 
VRH, ideally. 


The MCU has a set of 59 basic instructions 
which 
can 
be divided 
into five different 
types: register memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 
erand is either the accumulator 
or the index register. 
The 
other operand 
is obtained 
from memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) instructions 
have no register 
operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store 
A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract 
Memory 
from 
A with 
Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare 
A with 
Memory 
CMP 


Arithmetic 
Compare 
X with 
Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 


ister, modify 
or test its contents, 
and write 
the modified 


value 
back to 
memory 
or to the 
register. 
The test 
for 
negative 
or zero (TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 
tion is met; otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions, 
Refer to the fol- 


lowing 
list for branch 
instructions, 


Function 
Mnemonic 


Branch Always 
BRA 


Branch 
Never 
BRN 


Branch if Higher 
BHI 


Branch 
if Lower 
or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Same) 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lower) 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
. 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt Mask Bit is Clear 
BMC 


Branch if Interrupt Mask Bit is Set 
BMS 


Branch 
jf Interrupt 
Line 
is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting 
or clearing 
any bit which 
resides in the first 256 bytes of the memory 
space where 
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all port registers, 
port DDRs, timer, timer control, 
and on- 


chip 
RAM reside. 
An additional 
feature 
allows 
the soft- 


ware 
to test and branch 
on the state 
of any bit within 
these 256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all implemented 
with 
a single 
in- 


struction. 
For test and branch 
instructions, 
the value 
of 


the bit tested is also placed in the carry bit of the condition 
code register. 
Refer to the following 
list for bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSETn (n=O. .. 7) 


Branch if Bit n is Clear 
BRCLRn (n=O. .. 71 


Set Bit n 
BSETn (n =0. 
71 


Clear Bit n 
BCLRn (n=O. .. 71 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 


and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer to the following 
list for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt Mask Bit 
SEI 


Clear Interrupt Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return 
from 
Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE 
MAP SUMMARY 


Table 3 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU uses ten different 
addressing 
modes to pro- 


vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, 
code con- 
version 
tables, 
and scaling 
tables anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are single 
byte 
instructions, 
while 
the longest 
instructions 
(three bytes) 


permit 
accessing 
tables throughout 
memory. 
Short 
and 


long absolute 
addressing 
is also included. 
Two-byte 
di- 


rect addressing 
instructions 
access all data bytes in most 


applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions to reach all memory. 


The term "effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained in the byte immediately 
following 
the opcode. 
The 


immediate 
addressing 
mode is used to access constants 
that 
do not 
change 
during 
program 
execution 
(e.g., a 
constant 
used to initialize 
a loop counter) . 


DIRECT 


In the direct addressing 
mode, the effective 
address of 
the argument 
is contained 
in a single 
byte following 
the 
opcode byte. Direct addressing 
allows 
the user to directly 


address 
the lowest 
256 bytes 
in memory 
with 
a single 


two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two 
bytes following 


the opcode 
byte. Instructions 
with 
extended 
addressing 


mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with 
a single three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 


bit signed byte (the offset! following 
the opcode 
is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 


span of relative 
addressing 
is from 
126 to 
. 129 from 
the opcode 
address. 


INDEXED, 
NO OFFSE.T 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the 8-bit 
index 


register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 
long. This mode is often used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 


RAM or 110 location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
8-bit 
offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 


8-bit index 
register 
and the unsigned 
byte following 
the 


opcode. 
The addressing 
mode 
is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 


instruction, 
K would 
typically 
be In X with the address 
of 


the beginning 
of the table 
in the 
instruction. 
As such, 


tables may begin anywhere 
within 
the first 256 address- 


able locations 
and could 
extend 
as far as location 
510 
($1FE is the 
last location 
at which 
the 
instruction 
may 
beginl. 


• 
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8ft 
Manioua.tion 
Br.nch 
Read-Modifv-Write 
Control 
Reaiet •. /Memotv 
I 
IX 
I 
IR 
~' 
.£. 
oo~o 
~l 
o~ 
01~' 
",~~ 
nl~l 
8 
9 
A 
,:" 
,fco 
,g, 
l1~O 
H~ 
000' 
'000 
'001 
1010 
1111 


, '~RSEJf, 
, 
, 
7 
, 
9 
~ 
.£. 
BSE1~r 
BAA,,, 
NEG[')IR 
NEG 
NEG 
NEG 
• NEG 
ATI 
SU~MM 
SUB 


01R 
SU~vT 
SUB,., 
SUB,., 
SUB 
,. 
, 
IN" 
, 
IN" I] 
IXI 
, 
" 
, 
IN" 


10 
7 
, 
, 
, 
, 
5 
, 
5 
, 
, 
BRCLAf, 
BCL~~r 
BANR~l 
ATS 
CMP 
CMP 
CMP 
CMP 
CMP 
CMP 
,ri" 
000' 
, 
"," 
IMM 
0," 
3 
Xl 
,X 
,X, 
, 
,x 
'2, 
, 
, 


, 
SBC 
~o 
BRSEJT', 
BSE~~r 
BHIR~I 
SBC 
SBC 
nlR 
SBC~XT 
SBC 
SBC 
2 


'MM 
" 
'x, , 
'x 
00' 


. '~ACL:T" 


7 
, 
, 
4 
, 
7 
, 
11 
2 
, 


Jll 
OO~1 
BCL~~c 
BLS 
(OM 


01R 
I COM~H 
COMX 
12 
COM 
COM 
$Wl 
CPX 
CPX 
CPX 
EXT 
CPX 
CPX 
CPX 
, 
, 
, " 
'" 
, 
" 
, 
IN" 
2 
'MM 
2 
0," 
3 
'x 
, , , 
'x 


'~RSEJl, 
, 
, 
, 
, 
7 
, 
, 


,;',., 
BSE1~r 
BCC,,, 
LS~TR 
lSAA 
LSAX 
lSA 
l.SA 
AND 
AND 


Olk 
AN~)(T 
AND 
AND 
AND 
,;'m 
, 
IN" 
, 
'N" 
17 
1)(1 
, 
" 
'MM 
'x 
, 
, 
'x 


'~RCLN 


4 
, 
4 
5 
BCL~~r 
8CSR~' 
BI~MM 
BIT nlR 
8lT 
FXT 
BIT 
IX? 
BIT 
IXI 
BIT 
'x 
o~, 


" 
'2. 
, 
, 
, 
, 
7 
, 
I 
4 
, 
5 
, 


~n 
BRSEJi, 
BSE~l, 
BNER" 
ROA 
nlR 
RQRA 
RQAX 
, 
AQA 
AOA 
LOA 
LOA 
LO~XT 
LOA 
LOA1_, 
LOA 
~n 
, 
IN" 
I 
I " 
'" 
, 
" 


IMM 
0," 
3 
" 
, 
'x 
,~. 
, 
, 
, 
, 
7 
, 
, 


:, 
STA 
7 
8RCl~lA 
BCL~t 
BEOR" 
, 
ASA 
ASRA 
A$RX 
, 
A5A 
A5A 
TAX 
ST A 
ntR 
ST~XT 
5TA 
5TA 
7 
11' 
'" 
, 
IN" 
I 
IN" 
'" 
, 
" 
, 
IN" 
IX 
IX' 
, 
'x 
11 


'~R5EJ: 
, 
, 
, 
, 
7 
, 
, 
, 
, 
, 
,l, 
B5E~~, 
BHC~" 
2 
lSlolR 
lSLA 
lSLX 
, 
L5L 
L5L 
CLC 
EO~MM 
EOR 


01R 


EOA 


EXT 


EOR 
EOR 
EOR 
,~ 
, 
IN" 
1 
lNH 
'" 
, 
" 


IX 
IX' 
, 
'x 


10 
7 
, 
, 
, 
, 
7 
, 
, 
, 
, 
, 
9 
BRCL::" 
BCL~~c 
BHC~FI 
, 
ROl 
ROLA 
ROLX 
ROl 
AOL 
5EC 
ADC 
ADC 
ADC 
ADC 
ADC 
ADC 
9 
'00' 
'" 


, 
IN" 
, 
IN" 
, 
1)(1 
I 
" 
, 
IN" , 
IMM , 
0'" 
3 
'XT 
3 
'x, , 
'x, , 
'x 
'00' 


BR5EJ;, 
, 
, 
, 
, 
7 
, 


• 
ORA 
' 
ORA 
" 
OAA 
,~" 


BSE1t 
BPl 
RFI 
, 
OEC 
nlR 


DECA 
DECX 
DEC 
DEC 
ClI 
OAA 
OAA 
ORA 
A 
, 
IN" 
, 
IN" , 
'" 


I 
" 
, 
'N" 
2 
IMM 
0," 
3 
'XT 
3 
IX , 
IX' 
, 
'x 
1010 
'0 
, 
, 
ADD 
" 
ADO 
B 
BACl~T5A 
BCl~~r 
BMIR" 
5EI 
ADO 
ADD 
ADO 
ADD 
B 
'" 
, 
IN" 
IMM 
'" 
3 
'XT 
3 
'x 
') 
IXI 
, 
" 
1011 


'~RSEJf, 
, 
, 
, 
, 
7 
, 
, 
, 


, 
JMP 
" 
JMP 
,frn 
B5E1~c 
BM~" 
2 
INC 
INCA 
INCX 
2 
INC 
INC 
R5P 
JMP 
JMP 
JMP 
C 


'" 
, 
IN" 
1 
INH 
'" 
, 
" 
, 
IN" 
'" 
3 
'XT 
3 
'" , 
'x, , 
'x 
1100 


'~RCL:f, 
, 


': 
T5T 
, 
, 
, 
2 
: II 
JSA 
' 
J5A 
.• 
JSR 
0 
BCL~~r 
BMS 
RFl 
TSlA 
T$TX 
T5T 
T5T 
NOP 
B5A 
J5R 
J5A 
lPn, 
"' 
'" 
, 
IN" 
I 
INH 
~ 
IX 1 , 
" 
, 
IN" 
'l 
2 
OIR 
3 
'XT 
3 
" , 
IX' 
, 
'x 
.. 
7 
, 


:' 
LOX 
• 
LOX 
" 
LOX 
4 
lOX 


11 


E 


ln 
BR5EJ!, 
BSE1~r 
BIL 


RFI 
LOX 
LOX 
E 


IMM 
2 
OIR 
3 
EXT 
, 
IX 
, 
IXl 
, 
IX 
1110 


1~RClR7 
, 
, 
, 
, 
7 


CLA 
, 


" 
5TX 
I' 
STX 
' 
STX 
F 
BCLR7 
BIH 
CLA 
ClAA 
CLAX 
CLA 
TXA 
5TX 
5TX 
F 


1111 
3 
,,, , 
BS' , 
REl 
2 
OIR 
, 
IN" 
, 
'N" 
2 
'" 
, 
" 
, 
IN" 
, 
OIR 
3 
,,, 
3 
IX' , 
IX' 
, 
'x 
1111 


Inherent 
Immediate 
Direct 


Extended 
Relative 


Bit Setl Clear 
Bit Test and Branch 


Indexed 
INo 
Offsatl 


Indexed. 
1 Byte 
IB-Bltl 
Offset 


Indexed. 
2 Byte 
116-B'11 
Offset 


, 
of 
Cycles 


Mnemonic 


Bytes 


INDEXED, 
16-BIT OFFSET 


In the 
indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective 
address 
is the sum of the contents 
of the unsigned 
B-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This addressing 
mode can be used in a man- 


ner similar 
to indexed, 
B-bit offset 
except that this three- 


byte instruction 
allows 
tables to be anywhere 
in memory. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 


opcode specifies the direct addressing 
of the byte to which 


the specified 
bit is to be set or cleared. 
Any 
read write 


bit in the first 256 locations 
of memory, 
including 
I 0, can 


be selectively 
set or cleared 
with 
a single 
two-byte 
in- 


struction. 


BIT TEST AND 
BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 


nation 
of direct 
addressing 
and relative 
addressing. 
The 


bit to be tested, and its condition 
(set or clear). is included 
in the opcode. 
The address 
of the byte to be tested 
is in 


the single 
byte immediately 
following 
the opcode 
byte. 


The signed 
relative 
B-bit offset 
in the third 
byte is added 


to the PC if the specified 
bit is set or cleared 
in the spec- 


ified memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of 


any readable 
bit in the first 256 locations 
of memory. 
The 


span of branching 
is from 
- 125to 
- 130 from the opcode 
address. 
The state of the tested 
bit is also transferred 
to 


the carry 
bit of the condition 
code register. 


In the inherent 
addressing 
mode, 
all the 
information 


necessary 
to execute 
the instruction 
is contained 
in the 


opcode. 
Operations 
specifying 
only the index 
register 
or 


accumulator 
as well 
as the control 
instruction 
with 
no 


other 
arguments 
are included 
in this 
mode. 
These 
in- 


structions 
are one byte long . 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
0.3 to + 7.0 
V 


Input Voltage 
V 


EPROM Programming 
Voltage 
IVpp Pin) 
Vpp 
- 0.3 to 
e 22.0 


TIMER Pin - 
Normal Mode 
Vin 
- 0.3 to - 7.0 


TIMER Pin - 
Bootstrap 


Programming Mode 
Vin 
0.3 to + 15.0 


All Others 
Vin 
0.3 to - 7.0 


Operating Temperature Range 
TA 
TL to TH 
C 


MC68705R5 
o to -70 


MC68705R5C 
40 to 
·85 


Storage Temperature Range 
Tsto 
55 to 
-150 
C 


Junction 
Temperature 
TJ 
I 


CW 


Plastic 
150 
I 


Cerdip 
175 
I 
I 


I 
Characteristic 
Symbol 
Value 
Unit 


! Thermal Resistance 
I 
Plastic IP Suffix) 
IIJA 
50 
CW 


Plastic (FN Suffix) 
100 
Cerdip IS Suffix) 
60 


These 
devices 
contain 
clrcully 
to 
protect 


the inputs 
against 
damage 
due to high static 


voltages 
or electrical 
fields; 
however. 
it is ad· 


vised 
that 
normal 
precautions 
be taken 
to 
avoid 
applicatIOn 
of any voltage 
hIgher 
than 
maximum 
rated voltages 
to thiS 
h'gh-lmped 


ance 
cirCUIt. 
For proper 
operation. 
It 1$ reG 


ommended 
that Vin and Vallt 
be constrained 


to the range VSS 
IVin and Voutl 
VCC 
Re 


liability 
of operation 
1$ enhanced 
If 
unused 


inputs 
except 
EXTAL 
are 
tied 
to 
an appro 


priale logic voltage level le.g.. either VSS or 


VCC) 


• 
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For 
most 
applications 
PPORT<PINT 
and 
can 
be 
ne- 


glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Darlington 
bases 
or sink 
LED loads. 


An 
approximate 
relationship 
between 
PD and 
TJ (if 


PPORT is neglectedl 
is: 


PD=K~(TJ+273°C) 
(21 
Solving 
equations 
(1) and 
(2) for 
K gives: 


K = PD 
0 (TA + 273°C 1+ HJAoPD2 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K 
can be determined 
from 
equation 
(3) by measuring 
PD 


(at equilibrium) 
for 
a known 
TA Using 
this 
value 
of 
K, 


the values 
of PD and TJ car, be obtained 
by solving 
equa- 


tions 
(11 and 
(2) iteratively 
for any value 
of TA 


The 
average 
chip-junction 
temperature, 
TJ' in °c can 
be obtained 
from: 


TJ=TA+(PDoIiJAI 
(11 


where: 


TA 
"JA 


= Ambient 
Temperature, 
°c 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient, 
°C/W 


= PINT+ 
PPORT 


= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


- 
Port Power 
Dissipation, 


Watts 
- 
User 
Determined 


ELECTRICAL 
CHARACTERISTICS 


1Vcc 
. 5.25 Vdc - 0.5 Vdc. VSS = 0 Vdc. TA 
0 C to 70 C. unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 
RESET (4.75 . 
VCC' 
5.75) 
4.0 
- 
VCC 


(VCC 
4.75) 
VCC-0.5 
- 
VCC 
INT 4.75 . 
VCC 
575) 
4.0 
.. 
VCC 
(VCC 
4.75) 
VCC-0.5 
.. 
VCC 


All Other 
2.0 
- 
VCC 


Input High Voltage (TIMER Pin) 
VIH 
V 
Timer Mode 
2.0 
- 
VCC+l.0 
Bootstrap Programming 
Mode 
9.0 
12.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
VSS 
- 
0.8 
INT 
VSS 
.. 
1.5 
All Other 
VSS 
- 
0.8 


INT Zero-Crossing 
Input Voltage - 
Through a Capacitor 
VINT 
2.0 
- 
4.0 
Vac 0-0 


Internal Power Dissipation 
(No Port Loading, VCC= 5.25 V 
TA=O'C 
PINT 
- 
520 
740 
mW 
for Steady-State Operation) 
TA=40 
C 
- 
580 
800 


Input 
Capacitance 
Cin 
pF 


EXTAL 
- 
25 
- 


All Other (See Note) 
- 
10 
- 


RESET Hysteresis Voltage 
V 
Out of Reset Voltage 
VIRES+ 
2.1 
- 
4.0 
Into Reset Voltage 
VIRES- 
0.8 
- 
2.0 


Programming 
Voltage (Vpp Pin) 
Vpp' 
V 
Programming 
EPROM 
20.0 
21.0 
22.0 


Operating Voltage 
4.75 
VCC 
5.75 


Input 
Current 
IJ.A 
TIMER (Vin 
04 V) 
Ijn 
- 
- 
20 
INT 1Vin 
0.4 VI 
- 
20 
50 


EXTAL IVin 
2.4 V to VCC) 
- 
- 
10 


(Vin 
0.4 V) 
- 
- 
- 1600 


RESET (Vin 
0.8 V) 
IRES 
-4.0 
- 
-40 


IExternal Capacitor Changing Current) 


'Vpp (pin 7) is connected to VCC in the normal operating 
mode. 


),. Due to internal 
biasing. 
this input 
(when 
not used) 
floats 
to approximately 
2.0 V. 
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PROGRAMMING 
OPERATION 
ElECTRICAL 
CHARACTERISTICS 


IVCC = 5.25 Vdc ± .05%, VSS = 0, TA = 20°C to 30°C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
VPP 
20.0 
21.0 
22.0 
V 


Vpp Supply Current 
Ipp 
mA 
Vpp= 5.25 V 
- 
- 
8 
Vpp=21.0V 
- 
- 
30 


Oscillator 
Frequency 
losclo) 
0.9 
10 
1.1 
MHz 


Bootstrap Programming 
Mode Voltage 
VIHTP 
9.0 
12.0 
150 
V 
(TIMER Pin) 'a IIHTP = 100 fJ-AMaximum 


SWITCHING 
CHARACTERISTICS 


IVcc = + 5.25 Vdc - 0.5 Vdc, VSS 
0 Vdc, TA 
0 C to 70 C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator Frequency 
lose 
MHz 
Normal 
0.4 
- 
4.2 


Instruction 
Cycle Time 14loscl 
tcvc 
0.950 
- 
10 
fJ-S 


INT, INT2, Dr Timer Pulse Width 
tWL,tWH 
tcvc + 250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc + 250 
- 
- 
ns 


RESET Delay Time IExternal Cap 
1.0 fJ-FI 
tRHL 
- 
100 
- 
ms 


INT Zero Crossing Detection Input Frequency 
liNT 
0.03 
- 
1.0 
kHz 


External Clock Duty Cycle (EXTALI 
- 
40 
50 
60 
% 


Crystal Oscillator Start-Up Time 
- 
- 
- 
100 
ms 


AID CONVERTER 
CHARACTERISTICS 


IVCC 
·5.25 
V ~ 0.5 Vdc, VSS 
0 Vdc, TA 
0 C to 70 C, unless otherwise 
noted) 


Characteristic 
Min 
Typ 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Non-Linearity 
- 
- 
. 12 
LSB 
For VRH = 4.0 to 5.0 V and VRL = 0 V. 


Quantizing 
Error 
- 
- 
1 2 
LSB 


Conversion 
Range 
VRL 
- 
VRH 
V 


VRH 
- 
- 
VCC 
V 
A 0 accuracy may decrease 
proportionately 
as 


VRL 
VSS 
- 
0.2 
V 
VRH is reduced be below 4.0 V. The sum 01 VRH 


and VRL must not exceed VCC' 


Conversion 
Time 
30 
30 
30 
lcvc 
Includes 
sampling 
time 


Monotonicity 
Inherent 
(within 
total 
error) 


Zero Input Reading 
00 
00 
01 
hexadecimal 
Vin 
0 


Ratiometric 
Reading 
FE 
FF 
FF 
hexadecimal 
Vin 
VRH 


Sample Time 
5 
5 
5 
lcvc 


Sample Hold Capacitance, Input 
- 
- 
25 
pF 


Analog Input Voltage 
VRL 
- 
VRH 
V 
Negative 
transients 
on any 
analog 
lines 
(pins 
19- 
24) are not allowed 
at any time 
during 
conversion. 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-639 


• 


• 


PORT ELECTRICAL 
CHARACTERISTICS 


(VCC= + 5.25 Vdc '" 0.5 Vdc, VSS = 0 Vdc, TA = 0" to 70"C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = - 100 flA 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad = - 10 flA 
VOH 
VCC - 1.0 
- 
- 
V 


Input High Voltage, ILoad = - 300 flA (Max) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad = - 500 flA (Max) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to VCCI 
IIH 
- 
- 
-300 
flA 


Hi-Z State Input Current (Vin = 0.4 VI 
IlL 
- 
- 
-500 
flA 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad 
- 200 flA 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), Vo = 1.5 V 
'OH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


I 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
flA 


Port C 


Output Low Voltage, 'Load = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
flA 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
flA 


Port 0 (Input Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Current 
lin 
- 
<1 
5 
flA 


,Test 
POInt 
~ 


130 
pF ITotall 


Figure 
11. TIL 
Equivalent 
Test 
Load 
(Port 
B) 
Figure 
12_ CMOS 
Equivalent 
Test 
Load 
(Port 
A) 
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.-J 


VCC=5.75V 
334 kO 


Test 
Point l' 30 pF IT otall 


Figure 13. TIL 
Equivalent 
Test Load 
(Ports A and C) 
Figure 14. Open-Drain 
Equivalent 
Test Load 
(Port C) 


Figure18. 
1/0 Characteristic 
Measurement 
Circuit 


I 


MOTOROLA 
MICROPROCESSOR 
DATA 


3·641 


I 


The following 
table 
provides 
generic 
information 
pertaining 
to the package 
type, temperature, 
and MC order 
numbers 


for the MC68705R5. 


Package 
Type 
Temperature 
Order Number 


Cerdip 
DoCto 70 C 
MC68705R5S 
S Suffix 
-40°C to +85 C 
MC68705R5CS 


Plastic 
OCCto 70 C 
MC68705R5P 


P Suffix 
-40 
C to 85 C 
MC68705R5CP 


PLCC 
-40 
C to 85 C 
MC68705R5CFN 


~ 
FN Suffix 


Vss I. 
40 
PA7 


r- 
Ul I~I>- 


--' 


RESET 
)9 
PAS 
~~ 


'" 
to 
u~ 
«« 
<{V>UJz 
uxU 
;m 
38 
PA5 
0..0.. Q.. > a:_ >wZ 


Vcc 
4 
31 
PA4 
6 


EXTAL 
5 
36 
PA3 
PA3 
XTAL 


XTAl 
6 
35 
PA2 
PA2 
Vpp 
Vpp 
7 
34 
PAl 
PAl 
TIMER 


TIMER 
8 
33 
PAO 
PBO 
PCO 


PCO 
9 
32 
P87 
PB7 
PCl 


PCl 
10 
31 
PB6 
PB6 
PC2 


PC2 
11 
:>J 
PB5 
PB5 
PC3 


PC) 
12 
29 
PB4 
PB4 
PC4 


PC4 
13 
28 
PB3 
PB3 
PC5 


PC5 
14 
27 
PB2 
PB2 
NC 


PCB 
15 
26 
PBl 
PBl 
PC6 


PC7 
16 
25 
PBO 
23 
18 


PD7 
17 
24 
POO/ANO 
o o~ 
N 
M 
V) -'1 IN 
r- r- 


P06/INT2 
lB 
23 
POllANl 
a:>zz 
z 
~ 
en cc a:!z OU 
0..«« 
~ 


0..0.. 


PD5/VAH 
lB 
22 
PD2/AN2 
25;::: 
M>~~~ 
00 
0 o 
000 
PD4IVRL 
20 
21 
P03/AN3 
0..0.. a.. 
0.. 
Q.. 
a..a.. 
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Technical Summary 
8-Bit EPROM Microcontroller 
Unit 


The MC68705 
(HMOS) 
Microcontroller 
Unit 
(MCU)is 
an EPROM 
member 
of the 
MC6805 
Family 
of 
microcontrollers. 
The user 
programmable 
EPROM 
allows 
program 
changes 
and 
lower 
volume 
ap- 
plications. 
This 
high 
performance 
MCU 
has parallel 
I 0 capability 
with 
pins 
programmable 
as input 
or output. 
This 
publication 
contains 
condensed 
information 
on the 
MCU; 
for detailed 
information. 
refer 
to Advance Information 
8-8it Microcontro/ler 
(ADI997R1) 
or contact 
your 
local 
Motorola 
sales 
office. 
Refer to the block 
diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
One 7-Bit 
and One 15-Bit 
Software 
Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
I/O 


• 
Versatile 
Interrupt 
Handling 


• 
Bit Manipulation 


• 
Bit Test and 
Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
Bootstrap 
Program 
in ROM 


• 
3752 Bytes 
of EPROM 


• 
104 Bytes 
of RAM 


• 
Serial 
Peripheral 
Interface 


• 
Two 
8-Bit 
and One 
16-Bit Timers 


• 
AID Converter 


• 
EPROM 
Read Inhibit 
Security 
Bit • 


PAD 


PAl 


PA2 


PA3 
ACCUMULATOR 
PROGRAM 


PA. 
INOEX REGISTER 
COUNTER 


LOW 


PAS 
A 
CONOITION 
COOE 
PROGRAM 


PA6 
REGISTER 
COUNTER 


PAl 


STACK POINTER 
HIGH 


RESET 
CONTROL 
ALU 


INTI 


--0 
vOO 


----<> VSS 


XTAL~'''I 
CLOCK 


EXTAl 
11>2 


AND/POD 


ANI/PAl 


AN2/P02 


AN3JP03 


VRL 


VRH 


INT2/ 


AN./ 


VSTBY 
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VCC and VSS 


Power 
is supplied 
to the microcontroller 
using 
these 
two 
pins. VCC is + 5.25 volts 
(:;: 0.5.1) power, 
and VSS is 
ground. 


NUM 


This pin is for factory 
use only. It should 
be connected 
to Vss. 


INn, INT2 


These pins provide 
the capability 
for asynchronously 
applying 
an external 
interrupt 
to the MCU. Refer to IN- 
TERRUPTS 
for more detailed 
information. 


XTAL,EXTAL 


These pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. A crystal, a ceramic resonator, 
a resistor! 


capacitor 
combination, 
or an external 
signal 
(depending 
on setting 
of the Mask Option 
Register) 
is connected 
to 
these pins to provide 
a system 
clock. 


RC Oscillator 


With 
this 
option, 
a resistor!capacitor 
combination 
is 
connected 
to the oscillator 
pins as shown 
in Figure 
1(c). 


Refer to Figure 2 for the relationship 
between 
Rand fosc. 


8.0 


'" 
7.0 
~ 
6.0 
t; 
~ 
5.0 
i 
4.0 
~ 
0 
3.0 
~ 
~ 


2.0 


1.0 


, 
"f'..... 


At-CUT 
PARALLEL 
RESONANCE 
CRYSTAL 
CO=7 pF MAX. 
FREO.= 4.0 MHz(" CL = 24 pF 
RS = 40 OHMS MAX. 


EXTERNAL 
CLOCK 
INPUT 
ITIL 
COMPATIBLE. 


LOW IMPEDANCE 
SOURCE) 


MCU 
EITHER CRYSTAL 
OR RC MASK 
OPTION 


Figure 2. Typical 
Frequency 
vs Resistance 
for 


RC Oscillator 
Option 
Only 


Crystal 
The circuit shown 
in Figure 1(bl is recommended 
when 
using 
a crystal. 
The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 
mize output 
distortion 
and startup 
stabilization 
time. 


External 
Clock 
An external 
clock should 
be applied 
to the EXTAL input 
with the XTAL input 
grounded, 
as shown 
in Figure 
lldl. 


MCU 


EXTAL 
ICRYSTAL MASK 


OPTION 


MCU 
IRESISTOR MASK 
OPTION) 


MCU 
27 
EXTAL 
IRESISTOR MASK 
OPTION) 


APPROXIMATELY 
10% to 25% 


ACCURACY 


EXTERNAL RESISTOR 
IEXCLUOES RESISTOR TOLERANCE) 


APPROXIMATELY 
25% to 50% 


ACCURACY 


TYPICAL lcyc = 1.25 l1S 


EXTERNAL JUMPER 


NOTE: The recommended CL value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 
:..equencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAl. The exact value depends 
on the motional-arm parametes of the crystal used. 
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This option 
may only 
be used with 
the crystal 
oscillator 
option 
selected 
in the mask option 
register. 


PCO. PC1 


This pins allow 
an external 
input 
to decrement 
the in- 


ternal 
timer/counter 
circuitry. 
Refer to TIMERS for addi- 


tional 
information. 


RESETNpp 


This pin has a Schmitt 
trigger 
input. 
The MCU can be 
reset 
by pulling 
RESET low. 
The Vpp 
input 
is used to 
input 
the 
programming 
voltage 
to the MCU EPROM. A 
1K ohm 
pullup 
resistor 
should 
be used to allow 
proper 
operation 
of the reset and watchdog 
timer 
operations. 


INPUT/OUTPUT 
LINES IPAO-PA7. PBO-PB3. PCO-PC1. PDO· 


PD6) 


Ports A. B. and C are programmable 
as either 
inputs 


or outputs 
under 
software 
control 
of the data direction 
registers. 
Port D is a fixed 
input 
port and not controlled 
by any data direction 
register. 
Port D has up to five analog 
inputs, 
plus two 
voltage 
reference 
inputs 
when 
the an· 
alog-to-ii9i!.al 
(AID) converter 
is used (PD5NRH, PD4NRU 
and an INT2 input. 
If the analog 
input is used. the voltage 


reference 
pins (PD5NRH 
and PD4NRU 
must 
be used in 
the 
analog 
mode. 
Refer to INPUT/OUTPUT 
PORTS 
for 
additional 
information. 


INPUT/OUTPUT 
PROGRAMMING 


Ports A, B, and C are programmable 
as either 
input 
or 


output 
under software 
control 
of the corresponding 
data 


direction 
register 
(DDR). The 
port 
I/O programming 
is 
accomplished 
by writing 
the corresponding 
bit in the port 
DDR to a logic one for output 
and a logic zero for input. 


On reset, all DDRs are initialized 
to a logic zero state to 
put the ports in the input 
mode. The port output 
registers 
are not initialized 
on reset and should 
be written 
to before 


setting 
the DDR bits. 


Port D provides 
the 
multiplexed 
analog 
inputs. 
refer- 


ence voltages, 
and INT2. These lines are shared with 
the 


port 
D digital 
inputs. 
PDG-PD3 may 
always 
be used as 
digital 
or analog 
inputs. 
The VRL and VRH lines 
are in- 
ternally 
connected 
to the AID resistor. 
Analog 
inputs 
may 
be prescaled 
to obtain 
the VRL and VRH recommended 


input 
voltage 
range. 


When programmed 
as outputs. 
the latched output 
data 
is readable 
as input 
data regardless 
of the logic 
levels at 
the output 
pin due to output 
loading. 
The latched 
output 


data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits. even though 
the port DDR 
is set to input. 
This 
port write 
may be used to initialize 
• 


the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since 
the data 
read corresponds 
to the 
pin 
level 
if the 
DDR is an input 
(zero) and. 
also. 
to the 
latched 
output 
when 
the DDR is an output 
(one). Refer to Table 
1 for 1/ 


o functions 
and to Figure 
3 for typical 
port circuitry. 


PORT B TOGGLE CAPABILITY 


Port Bo and B1 registers 
have toggle 
capability 
at the 
timer 
underflow 
times. 
Under 
the 
control 
of the 
timer 
output 
cross-couple 
bit 
in 
the 
miscellaneous 
register 
(MRo). the overflow 
pulses 
from 
timer 
A, B. and Care 


directed 
to port 
Bo and B1 data registers. 
See Figure 
4 
for port 
B configuration 
flow 
chart. 


An 
incoming 
toggle 
pulse 
on 
port 
Bo is allowed 
to 


toggle 
the 
data 
register 
if port 
B DCR bit 4 (DCR4) is 


Data 
Direction 
Register 
Bit 


Output 
Data 
Bit 


o, 


High-Z" 


"DDR is a write-only register and reads as all "'s". 


""Ports A, S, and C are three-state ports. Port A has optional 


internal pullup devices to provide CMOS drive capability. See 
Electrical Characteristics tables for complete information. 
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MCU 


PBI 


3:0-l0 
SPI 
21 
MSB 
PB3 
0 
~ 
3: 
ISPICRlI 
:s: 
n 
("') 
w 
21 
01 
E 
0 
00 
"a 
-..I 
21 
MCU 


TIMER 
OVERFLOW 
..JL 
0 
0 
U1 
C/) 
("') 
w 
m 
CIl 
CIl0 
MCU 
21 
C» 
~ 


SPI 


MCU 
MSB 
PBI 


'Toggle 
Enable B1= (SPICR7·SPICR4·(PBO+DDRBOI)·SPICR2·SPICR4)·CLAO 
"A 
or B or C Depends on IMRO) and MOR5 
'Write 
Only Register 


• 


cleared. 
This bit is set on reset. An incoming 
toggle 
pulse 
on port B1 is allowed 
to toggle 
the port B1 data register 
under 
the following 
conditions 
governed 
by control 
bits 
in SPI control 
register 
and SPI clock arbitration 
flip-flop 
status. 


PB1 toggle 
enable=(SPICR7)·SPICR4· 
(PBO+ DDRBO) + SPICR2· 
SPICR4·CLAO 
where: 
SPICR7=SPI 
interrupt 
request 
bit 
SPICR4 = SPI operation 
enable 
bit 
SPICR2 = port 
B1 toggle 
enable/start 
bit 
CLAO = clock arbitration 
flip-flop 
output 
When 
PB1 toggle 
enable 
is asserted, 
the MCU write 
to 
PB1 data register is inhibited. 
When SPI is not used, SPICR4 
and CLAO are reset. Therefore, 
SPICR2 can directly 
con- 
trol 
the port 
B1 toggle 
capability. 
Port toggle 
capability 
allows 
action on port BOor B1 or both as a result of timer 
overflows. 
This method 
speeds up timer 
overflow 
to port 
service. A write to port BOor B1 data registers 
is inhibited 
while 
the individual 
port toggle 
enable 
is asserted. 


The port B OCR consists offour 
status bits (DCR4-DCR7) 
and four data direction 
bits (DCRO-DCR3). DCR4 is a tog- 
gle enable control 
bit for port BO.When cleared, the timer 
overflow 
pulse 
causes 
the 
data 
register 
on port 
BO to 
toggle. 
Port A has an B-bit and port 
C has a 2-bit wide 
data direction 
register. 


The MCU is capable 
of addressing 
4096 bytes of mem- 


ory and I/O registers. 
The memory 
map is shown in Figure 
5. The locations 
consist 
of user EPROM, bootstrap 
ROM, 
user RAM, eight 
timer 
registers, 
a mask option 
register 
(MOR). a miscellaneous 
register, 
a program 
control 
reg- 
ister, two 
A/D registers, 
two 
SPI registers, 
and four 
I/O 
port registers. 
The interrupt 
vectors are located from $FFB 
to $FFF. The bootstrap 
is a mask-programmed 
ROM that 
allows 
the MCU to program 
its own 
EPROM. 
The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 
decrements 
during 
pushes and increments 
during 
pulls. 


Refer to INTERRUPTS for additional 
information. 


NOTE 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent it from 
being 
overwritten 
due to stacking 
from 
an interrupt 
or 
subroutine 
call. 


The MCU contains 
the 
registers 
described 
in the fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
B·bit 
register 
used to hold 
operands 
and 
results 
of arithmetic 
calcu- 
lations 
or data manipulations. 


7 
0 


I 
A 
I 


INDEX REGISTER (XI 


The index 
register 
is an B-bit register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an B-bit value 
that 
may be added to an B- or 16-bit immediate 
value to create 
an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


7 
0 
I 
X 
I 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 12-bit 
register 
that contains 
the address 
of the next byte to be fetched. 


11 
87 
0 
I 
PCH 
I 
PCl 
I 


STACK POINTER (SP) 


The stack pointer 
is a 12-bit 
register 
that contains 
the 
3 


address 
of the next free location 
on the stack. During 
an 
MCU 
reset or the 
reset stack 
pointer 
(RSP) instruction, 
the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed onto the stack and 
incremented 
as data is pulled 
from 
the stack. 


The seven most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. 
Subroutines 
and interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 
mum). 
which 
allows 
the 
programmer 
to 
use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


11 
5 4 
0 
~spi 


CONDITION 
CODE REGISTER (CC) 


The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate 
the results 
of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program 
and specific 
actions 
can be taken 
as a result 
of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 


Half Carry (H) 


This bit is set during 
ADD and ADC operations 
to in- 
dicate that a carry 
occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
(A, B, and C). the external 
(INT1 
and 
INT2) 
interrupts, 
and 
the 
SPI interrupt 
are 
masked 
(disabled). 
If an interrupt 
occurs 
while 
this bit is 
set, the interrupt 
is latched 
and is processed 
as soon 
as 
the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that 
the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was negative 
(bit 
7 in the result 
is a logic one). 
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Port A 


Port B 


Port C 


Port 0 


Port A DDR· 


Port B OCR· 


Port C DDR· 


Not Used 


Timer 
A 


Timer 
A ConI. 
Reg 


Misc. 
Register 


Timer 
B MSB 


Timer 
B lSB 


Timer 
B Cant. 
Reg. 


AID 
Control 


AID 
Result 


SPI Data 


SPI Control 


Prog. 
Cant. 
Reg. 


Timer 
C Capture 


Timer 
C Data 


Timer 
C Control 


Not Used 


Not Used 


RAM 
(104 Bytesl 


000 
$(AX) 


I/O. 
AID. SPI. 


Timers, 
RAM, 


Prog. 
Cont. 
Reg. 


127 
1128 Bytesl 
S07F 


128 
SOOJ 


Page 0 EPROM 


1128 Bytes) 


256 
$OFF 


256 
S100 


Main 
EPROM 


(3614 
Bytes) 
•..h 


------ 


Mirror 
MOR 
SF16 
------ 
----- 


Mask Option 
Reg. 
SFIE 
----- 
II 


3871 
SFIF 


3872 
SF20 


Bootstrap 
ROM 


4al7 
1216 Bytes) 
SFF7 


T4008 
Timers 
lA, 
B, Cl, 
SFF6 


SPI, 
INT2 
SFF9 
~ 
$FFA 
E 
External 
INn 
~- 
>~ 
SFFB 


a.g: 
SFFC 
2w 
SWI 
~- 
£ 
SFFO 
1~ 


SFFE 


Reset 
$FFF 


,•.•........ " 
, 


$(AX) 


$001 


S002 


SOO3 


SOO4 


SOO5 


SOO6 


$007 


SOO5 


SOO9 


SOOA 


$OOB 


$OOC 


$000 


$OOE 


$OOF 


SOlO 


$011 


\ 


User RAM 
140 Bytes) 


Standby 
RAM 
(16 Bytes) 


User RAM 
117 Bytes) 


Shared 
Stack 
RAM 


131 Bytesl 


!AOORESS! 


$OIB 


Zero (Zl 


When 
set, this 
bit indicates 
that the 
result 
of the 
last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


MR7 - 
INT2 Interrupt 
Request 
Bit 
If not 
masked 
by MR6, it causes 
an interrupt 
to the 
MCU; 
if the 
I bit 
in the 
CCR is clear, 
the 
MCU 
will 


acknowledge 
the interrupt. 


1 = Interrupt 
requested 
0= Interrupt 
not requested 
MR6 - 
INT2 Interrupt 
Request 
Mask 
1=Inhibits 
INT2 inte~t 
request 
0= Does not inhibit 
INT2 interrupt 
request 


MR5 - 
Auxiliary 
Counter 
Status/Preset 
Bit 
If not masked 
by MR4, it will 
drive 
a switch 
to VSS on 
the RESET pin causing 
the MCU to reset. This bit may 


Carry/Borrow 
IC) 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


MISCELLANEOUS 
REGISTERS 
(MRI $OA 


This 
register 
contains 
control 
and status 
information 
related to INT2, auxiliary 
counter, 
prescalers 
1 and 2, and 
timer 
overflow. 
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be used 
as an auxiliary 
counter 
preset 
bit. 
If MR5 
is 
clear, a write 
of logic one will preset the auxiliary 
counter 
(MR5 will 
remain 
zero), 
and if set, a write 
of logic 
zero 
will 
preset 
the auxiliary 
.counter. 


1 =Auxiliary 
counter 
overflow 
0= Auxiliary 
counter 
clear 
MR4 - 
Watchdog 
Control 
Bit 
This bit cannot 
be set via software. 
The watchdog 
timer 
can only 
be disabled 
by reset. 


1 = Watchdog 
timer 
disabled 
0= Watchdog 
timer 
enabled 
MR3 - 
Prescaler 
1 Clear 
Bit 
Presets 
the contents 
of prescaler 
1 to $7F. 


1 = Prescaler 
1 preset 
0= Prescaler 
1 not. preset 
MR2 - 
Prescaler 
2 Clear 
Bit 
Presets 
the contents 
of prescaler 
2 to $7FFF. 


1 = Prescaler 
2 preset 
0= Prescaler 
2 not preset 
MR1 - 
Prescaler 
Cross-Couple 
Bit 
This 
bit controls 
the output 
of prescalers 
1 and 2 and 
directs 
them 
to either 
timer 
A or B clock 
inputs. 


1 = Prescaler 
1 feeds 
timer 
B clock 
input, 
and 
pres- 
caler 
2 feeds 
timer 
A input 
0= Prescaler 
1 output 
is used as clock input 
for timer 
A, and 
prescaler 
2 output 
is used 
as clock 
input 
for timer 
B 
MRO - 
Port 
B Toggle 
Cross-Couple 
Bit 
This 
bit controls 
the 
overflow 
pulses 
of timers 
A and 
B and directs 
them 
to either 
port 
BO or B1. 


1 = Timer 
A overflow 
output 
is directed 
to 
port 
BO, 


and timer 
B or timer 
C (depending 
on the status 
of MoR5) 
output 
is directed 
to port 
B1 


0= Overflow 
output 
pulse of timer 
A is used as a port 
B1 data 
register 
toggle 
clock 
source, 
and timer 
B 
or timer 
C overflow 
output 
pulse 
is directed 
to 
port 
BO toggle 
clock 
input 


The MCU can be reset four 
ways: 
(1) by initial 
power- 


up; (2) by the external 
reset input 
(RESET); 
(3) by a forced 
reset 
generated 
by the 
"watchdog" 
counter; 
and 
(4) by 
an optional 
internal 
low voltage 
detect 
circuit. 
The RESET 
input 
consists 
mainly 
of a Schmitt 
trigger 
that 
senses 
the 
line 
logic 
level. 
Figure 
6 shows 
the 
MCU 
reset 
circuit. 


POWER·ON·RESET 
(PORI 


An internal 
reset 
is generated 
on power-up 
that allows 
the 
internal 
clock 
generator 
to 
stabilize. 
The 
power-on 
reset 
is used 
strictly 
for 
power 
turn-on 
conditions 
and 
should 
not be used to detect 
any drop 
in the power 
supply 
voltage. 
A delay 
of tRHL 
milliseconds 
is required 
before 
allowing 
RESET input 
to go high. 
Connecting 
a capacitor 
to the RESET input 
(Figure 
7) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The 
MCU 
is reset 
when 
a logic 
zero 
is applied 
to the 
RESET input 
for a period 
longer 
than 
one machine 
cycle 
(tcyel. Under this type of reset, the Schmitt 
trigger 
switches 
off at VIRES - 
to provide 
an internal 
reset 
voltage. 


FORCED RESET 


If the auxiliary 
counter 
reset 
mask 
bit in the 
miscella- 
neous 
counter 
(MR4) 
is cleared 
and the auxiliary 
counter • 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-649 


• 


7 
6 
5 
4 
3 
2 
1 


CONDITION 


n - 4 
1 l' 
CODE REGISTER 


n - 3 
ACCUMULATOR 


status 
bit (MR5) is set, as a result of counter 
overflow, 
a 
switch 
to VSS is turned 
on pulling 
the RESET pin low. A 
consequent 
voltage drop below VIRES _ on RESET causes 
a reset, which 
in turn 
sets MR4. Switching 
to VSS when 
the RESET pin is turned 
off allows 
voltage 
to rise above 
VIRES +, 
after 
which 
the 
reset 
is released. 
RESET pin 
voltage 
variation 
occurring 
as a result of forced reset may 
be amplified 
externally 
in order to provide 
a reset to other 
peripheral 
circuits 
in the system. 
The reset output 
from 
the MCU is not TIL 
compatible. 


LOW-VOLTAGE 
INHIBIT 
(LVI) 


The optional 
low-voltage 
detection 
circuit 
causes a re- 
set of the MCU if the power 
supply 
voltage 
falls below 
a 
certain 
level (VLVI). The only requirement 
is that the VCC 
must 
remain 
at or below 
the VLVI threshold 
for one tcyc 
minimum. 
In typical 
applications, 
the VCC bus filter 
capacitor 
will 
eliminate 
negative-going 
voltage glitches 
of less than one 
tcyc. The output 
from 
the 
low-voltage 
detector 
is con- 
nected directly 
to the internal 
reset circuitry. 
It also forces 
the RESET pin low via a strong 
discharge 
device through 
a resistor. 
The internal 
reset is removed 
once the power 
supply 
voltage 
rises 
above 
a recovery 
level 
(VLVR) at 
which 
time 
a normal 
power-on 
reset occurs. 


The 
MCU 
can 
be 
interrupted 
eight 
different 
ways: 
through 
the external 
interrupt 
INTl 
input 
pin, with 
the 
internal 
timer 
(either 
A, B, or C) interrupt 
request, 
using 
the software 
interrupt 
instruction 
(SWI). SPI interrupt 
re- 
quest, 
external 
port D bit 6 (lNT2) input 
pin, or at reset. 
Interrupts 
cause the processor 
registers 
to be saved on 
the 
stack 
and the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from 
the stack after which 
normal 
processing 
resumes. The stacking 
order is shown 
in Figure 8. 


Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted, 
but are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardware 
interrupts 
and, if unmasked 


PUSH 


* For subroutine 
calls, only PCH and peL are stacked. 


(I bit clear). 
proceeds 
with 
interrupt 
processing; 
other- 


wise, the next instruction 
is fetched and executed. 
Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status bit is cleared before unmasking 
the 
interrupt, 
then the interrupt 
is not latched. 
If both an external 
interrupt 
and a timer 
interrupt 
are 


pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 


same as any other 
instruction 
regardless 
of the setting 


of the I bit. Refer to Figure 
9 for the reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


Each interrupt, 
except 
INT1, has a separate 
mask 
bit 
which 
must 
also be cleared, 
in addition 
to the I bit, for 
the MCU to acknowledge 
the interrupt. 
The INT2, timer 
A, timer 
B, timer 
C, and SPI interrupts 
each have their 
own 
independent 
mask 
bits contained 
in MR6, TACR6, 


TBCR6, TCOM, TCCM, and SPICR6. The interrupt 
routine 


must determine 
the source of the interrupt 
by examining 


the 
interrupt 
request 
bits, TACR7, 
TBCR7, MR7, TCOF, 


TCCF, and SPICR7. These 
bits must 
be cleared 
by soft- 


ware. 
The 
INTl 
interrupt 
has 
its own 
vector 
address. 


Therefore, 
the 
INTl 
interrupt 
request 
is cleared 
auto- 


matically, 
and then the iNT1 vector 
is serviced. 


EXTERNAL 
INTERRUPT 


The external 
interrupt 
is interna~ynchronized 
and 
then latched 
on the falling 
edge of INTl 
and INT2. Clear- 


ing the I bit enables 
the external 
interrupt. 
The INT2 in- 


terrupt 
has an interrupt 
request 
bit (bit 71 and a mask bit 
(bit 6) in the miscellaneous 
register 
(MRI. The INT2 in- 
terrupt 
is inhibited 
when the mask bit is set. The INT2 is 
always 
read as a digital 
input 
on port 
D. The INT2 and 
timer 
interrupt 
request bits, if set, cause the MCU to proc- 


ess an interrupt 
when 
the condition 
code I bit is clear. 


The following 
paragraphs 
describe 
two 
typical 
external 
interrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal (fiNTl 
maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 1Oal for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
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1.IIIN 
CCRI 


07F. SP 


O. DORA 
FO.OORB 
FCHORC 


50. TRCR 
FFtTiMER 
A 


50. TBCR 
Ffff. 
TIMER B 


53. TCCR 
FF. TIMER C 


LOAD PC FROM 
SWI: FFCIFFO 
INTI: FFAlFFB 
TIMERS A. B. C 
CAPTURE 


SPI OR INT2: 


FFBlFF9 


is zero, SWI executes 
after the other 
interrupts. 
The SWI 
execution 
is similar 
to the hardware 
interrupts. 


such as servicing 
time-of-day 
routines 
and engaging/dis- 


engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 


rectification 
provides 
an interrupt 
at every zero crossing 


of the ac signal 
and. thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 
10b). the INT1 pin can 


be driven 
by a digital 
signal. The maximum 
frequency 
of 


a signal that can be recognized 
by the TIMER or INT1 pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH. 
Refer to TIMER for additional 
information. 


The MCU has four timers 
and two programmable 
pres- 
calers. The timers 
are identified 
as timer 
A, S, C, and the 
auxiliary 
counter. 
Refer to Figure 
11 for timers 
A, S, and 
C block diagram. 
The following 
paragraphs 
described 
the 
different 
timers. 


SOFTWARE 
INTERRUPT (SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 


TIMER A 


Timer A is an 8-bit programmable 
down counter, 
which 
can 
be loaded 
under 
program 
control. 
Timer 
A also 


• 
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AC 


IfINTMAX.1 
R"l Mll 
AC INPUT 
'<10 Vacp-p 


(CURRENT 
~;,':,m 


nL 


LEVEL 
DIGITAL 
INPUT 


includes 
a modulus 
latch which 
allows 
the timer 
to be 


"auto-reloaded." 
As clock 
inputs 
are received, 
timer 
A 
decrements 
toward 
$00. When $00 is reached, bit 7 in the 
timer 
A control 
register 
is set and the timer 
is reloaded 
with 
the 
contents 
of the 
modulus 
latch. 
An 
underflow 
condition 
is also generated 
when 
value 
$00 is reached. 
This state can be used to toggle 
bit 0 or bit 1 of port 
B 
directly 
under 
the control 
of the miscellaneous 
register 
(MROl. the SPI control 
register, 
and the port 
B data di- 
rection register. 
Setting TACR6 or the I bit in the condition 
control 
register 
will 
prevent 
timer 
interrupts 
from 
being 


processed. 
The 
timer 
interrupt 
request 
bit MUST 
be 
cleared by software. 
There are three ways of loading 
data 
from 
the modulus 
latch into timer 
A as described 
in the 
following 
paragrahs. 


Direct 
Loading 


When the MCU writes to timer A data register, the data 
is latched by the modulus 
latch, and forced into the timer. 


This operation 
requires 
that TACR3 be cleared. 


Asynchronous 
External 
Event Loading 


When 
TACR3 is a logic one, the contents 
of the mod- 
ulu~_@!ch are transferred 
to the timer 
at the rising 
edge 
of INT2 interrupt 
request 
bit (MR7) gated with 
interrupt 
request 
mask bit (MR6). If this loading 
is used, care must 
be taken in programming 
as it will start an interrupt 
serv- 
ice routine 
if the I bit in the CCR is clear. Loading 
$00 to 
timer A allows 
a countdown 
of 256 clocks before the next 
$00 state is reached. 


Auto-Loading 


The modulus 
latch 
is automatically 
loaded 
when 
the 
timer 
reaches $00. This loading 
is dependent 
on the set- 


ting of TACR3. Auto-loading 
also occurs in both the pre- 


vious 
loading 
modes. 
Timer 
A can be read at any time 
without 
affecting 
the countdown 
of the timer. 
The timer 
and modulus 
latch are set to $FF on reset. 


NOTE 


Loading 
$01 to timer 
A should 
be avoided 
when 
operating 
with 
a divide-by-one 
prescaler. 
Doing so 


will 
inhibit 
timer 
A auto-loading, 
interrupt 
genera- 
tion, and port B toggle 
mechanisms. 


TACR7 - 
Timer A Interrupt 
Request Flag 


1 = Timer A has transition 
to $00 


0= Software 
or reset cleared 
TACR6 - 
Timer A Interrupt 
Request 
Mask 


1= Interrupt 
request 
inhibited 
0= Interrupt 
request 
not inhibited 
TACR5 - 
External 
or Internal 
Bit 
1 = External 
clock source 
for prescaler 
1 


0= Internal 
clock source for prescaler 
1 


TACRlI- 
External 
Enable Bit 
Control 
bit 
used 
to 
enable 
the 
external 
timer 
pin 


(PRESCALER1/PCO). 


TACR5 
TACR4 
Prescaler 1 Clock Source 


0 
0 
Internal Clock 


0 
1 
AND of Internal Clock and PRESCALER1IPCO" 


1 
0 
Inputs Disabled 


1 
1 
PRESCALERlIPCO" Low-to-High 
Transition 


"The status of PRESCALERllPCO depends upon the data direc- 
tion status of PRESCALER1IPCO.If PRESCALERllPCO is an out- 
put, then the clock source is equal to the port data register 
content, independent 
of the port electrical loading. If an input. 


then the clock source is the logic level of PRESCALERlIPCO. 


TACR3 - 
Timer A Load Mode Control 
1 = Asynchronous 
external 
event 
loading 
(INT2 dri- 


ven loading 
is enabled) 
o = Allows 
direct 
loading 
of timer 
A 
TACR2, TACR1, TACRO - 
Prescaler 1 Division 
Ratio Con- 
trol 
Bits 
When 
set, these 
bits select one of eight 
possible 
out- 
puts on prescaler 
1. 
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SELECT 
TACR4. 
5 


RESET 
MR3 


PRESCALERI/PCO 


SELECT 
MRI 
OVERFLOW 
A 
INT 
TO MCU 


SELECT 
T8RC3. 
2. I. 0 
OVERFLOW 
8 


INT 
TO MCU 


REAO 
PORT 
WRITE 
SELECT 
MRO 


SElECT 
T8CR4. 
5 
LS8 
81 TOGGLE • 


RESET 
MR2 
PORT 


PRESCALER2 
PCI 
80 TOGGLE 


TO MCU 


INTERAL 


CLOCK 


OVERFLOW 
C 
IN! 
TO MCU 
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TACR2 
TACRl 
TACRO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


TIMER 
B 


This is a 16-bit timer 
which 
is accessed 
via two registers 
($OB for the most-significant 
byte 
(MSB) 
and $OC for the 
least-significant 
byte 
(LSB)). 
The 
MSB 
has a "pipeline" 


latch that 
allows 
a "snap 
shot" 
value 
of the entire 
16 bits 
to be read. 
Read/write 
operations 
to the 
LSB are direct. 


The 
LSB can 
be read 
at anytime 
without 
disturbing 
the 
count. 
When 
the 
LSB is read, 
the 
contents 
of the 
MSB 
are loaded 
into 
the 
pipeline 
latch 
so a read of the 
MSB 
is actually 
the contents 
of the latch. 


When 
writing 
to the LSB, the contents 
are immediately 
entered 
into 
the 
timer. 
At 
the 
same 
time 
the 
pipeline 
contents 
are forced 
into the MSB ofthe 
timer. 
This allows 
a 16-bit 
word 
to 
be placed 
into 
the 
timer 
data 
register 
during 
a LSB write 
operation. 
An underflow 
condition 
is 
also generated 
when 
value 
$00 is reached. 
This state can 
be used 
to toggle 
bit 0 or bit 
1 of port 
B directly 
under 
the 
control 
of the 
miscellaneous 
register 
(MRO). the SPI 
control 
register, 
and 
the 
port 
B data 
direction 
register. 


Setting 
TBCR6 or the I bit in the condition 
control 
register 
will 
prevent 
timer 
interrupts 
from 
being 
processed. 
The 
timer 
interrupt 
request 
bit MUST 
be cleared 
by software. 


TIMER 
B CONTROL 
AND 
STATUS 
REGISTER 
$OD 


7654321 


TBCR7 - 
Timer 
B Interrupt 
Request 
Flag 
1 = Timer 
B has transition 
to $00 
0= Software 
or reset 
cleared 
TBCR6 - 
Timer 
B Interrupt 
Request 
Mask 
1 = Interrupt 
request 
inhibited 
0= Interrupt 
request 
not inhibited 
TBCR5 - 
External 
or Internal 
Bit 


1 = External 
clock 
source 
for prescaler 
2 
0= Internal 
clock 
source 
for prescaler 
2 
TBCR4 - 
External 
Enable 
Bit 
Control 
bit 
used 
to 
enable 
the 
external 
timer 
pin 
(PRESCALER2/PC1 
). 


TBCR5 
TBCR4 
Prescaler 2 Clock Source 


0 
0 
Internal Clock 


0 
1 
AND of Internal Clock and PRESCALER2IPC1* 


1 
0 
Inputs Disabled 


1 
1 
PRESCALER2IPC1* Low-to-High 
Transition 


put, then the clock source is equal to the port data register 
content, independent 
of the port electrical loading. If an input, 


then the clock source is the logic level of PRESCALER2/PC1. 


TBCR3, 
TBCR2, 
TBCR1, 
TBCRO - 
Prescaler 
2 Division 
Ratio 
Control 
Bits 
When 
set, these bits select one of eight 
possible 
output 
on prescaler 
2. 


TBCR3 
TBCR2 
TBCRl 
TBCRO 
Divide By 


0 
0 
0 
0 
1 


0 
0 
0 
1 
2 


0 
0 
1 
0 
4 


0 
0 
1 
1 
8 


0 
1 
0 
0 
16 


0 
1 
0 
1 
32 


0 
1 
1 
0 
64 


0 
1 
1 
1 
128 


1 
0 
0 
0 
256 


1 
0 
0 
1 
512 


1 
0 
1 
0 
1024 


1 
0 
1 
1 
2048 


1 
1 
0 
0 
4096 


1 
1 
0 
1 
8192 


1 
1 
1 
0 
16384 


1 
1 
1 
1 
32768 


TIMER 
C 


Timer 
C is an B-bit 
programmable 
down 
counter. 
The 


timer 
contains 
a modulus 
latch which 
allows 
the timer 
to 


be auto 
reloaded. 
The timer 
auto 
reloads 
with 
the con- 


tents 
of the 
modulus 
latch 
upon 
every 
$01 to $00 tran- 


sition. 
Timer 
C contains 
a capture 
register. 
This read-only 
register 
and the contents 
are refreshed 
by the 
contents 


of the data register 
during 
the capture 
instance. 
The timer 
can be written 
to at any time, 
and the contents 
of both 
the 
data 
register 
and 
modulus 
latch 
are updated 
imme- 


diately. 
The timer 
is set to $FF on reset, 
but the contents 


of the capture 
register 
are not valid 
until 
the first 
capture 


after 
reset. 


TIMER 
C CONTROL 
REGISTER 
$015 


7 
6 
5 
4 
3 


RESET: 


o 
1 
0 
0 
0 
TCoF 
- 
Timer 
C Overflow 
Flag 
1 = Timer 
C has transition 
to $00 
0= Software 
or reset cleared 
TCoM 
- 
Timer 
C Interrupt 
Mask 
1 = Interrupt 
request 
inhibited 
0= Interrupt 
request 
not inhibited 
TCCF - 
Timer 
C Capture 
Flag 
1 = Proper 
capture 
occurred 
on 
PRESCALER1 
or 
PRESCALER2. 
No new 
capture 
occurs 
when 
set 
0= Software 
or reset 
cleared 
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TCCM - 
Timer 
C Capture 
Interrupt 
Request 
Mask 
1 = Inhibits 
interrupt 
request 
generated 
from 
TCCF 
0= Does not inhibit 
interrupt 
request 
generated 
from 
TCCF 
TCEG - 
Timer 
C Capture 
Edge Select 
1 = Selects 
rising 
edge 
of PCO or PC1 to be capture 
instance 
0= Selects 
falling 
edge 
of PCO or PC1 to be capture 
instance 
TCCS - 
Timer 
C Capture 
Source 
Select 
1 = Select 
PRESCAlER2/PC1 
as capture 
source 
0= Select 
PRESCAlER1/PCO 
as capture 
source 
TCCl1 
and TCClO - 
Timer 
C Clock 
Source 
Select 
Clock 
source 
selection 
is defined 
below. 


TCCL1 
Timer 
C Source 


0 
Internal Clock 


0 
Internal Clock 


1 
MRl Status' 


1 
MRl Status' 


TCCLO 
Timer B Source 


0 
Internal Clock 


1 
MRl Status' 


0 
Internal Clock 


1 
MRl Status' 


1. 
*Denotes 
prescaler 
1 or 2 clock source 
depending 
on mis- 


cellaneous register bit 1 (MR1) status. 


2. MRl bit cleared (logic zero) at reset: 


Prescaler 1 clock selected to timer A 
Prescaler 2 clock selected to timer Band C 
3. MRl bit set (logic one): 
Prescaler 1 clock selected to timer Band C 
Prescaler 2 clock selected to timer A 
4. Prescaler 1 output 
determined 
by the status of Timer A 


control register bits 2, 1, and 0 (TACR2, TACR1, and TACRO). 


5. Prescaler 2 output 
determined 
by the status of Timer 
B 
control register bits 3, 2, 1, and 0 (TBCR3, TBCR2, TBCR1, 
and TBCRO). 


PRESCAlER 
1 


Prescaler 
1 is a 7-bit 
binary 
down 
counter 
whose 
value 
is selected 
by TACR2, 
TACR1, 
and TACRO. The selected 
output 
is used 
as the clock 
input 
to either 
timer 
A or B, 
depending 
upon 
the status 
of the prescaler 
cross-couple 
bit (MR1). The type 
of clock source 
to prescaler 
1 may be 
selected 
by TACR5 
and TACR4. 
Prescaler 
1 is set to $7F 
at reset or under 
program 
control 
when 
a one is written 
to prescaler 
1 clear 
bit (MR3). 


PRESCAlER 
2 


Prescaler 
2 is a 15-bit 
down 
counter; 
its value 
is se- 
lected 
by TBCR3, 
TBCR2, 
TBCR1, 
and 
TBCRO. The 
se- 
lected 
output 
is used as the clock 
input 
to either 
timer 
A 
or B, depending 
upon 
the 
status 
of the 
prescaler 
cross- 
couple 
bit (MR1). 
The type 
of clock 
source 
to prescaler 
2 
may 
be selected 
by TBCR5 and TBCR4. 
Prescaler 
2 is set 
to $7FFF at reset 
or under 
program 
control 
when 
a one 
is written 
to prescaler 
2 clear 
bit (MR2). 


AUXILIARY 
COUNTER 


This 
register 
is a fixed 
counter 
which 
is clocked 
by the 
internal 
clock 
(fosc 
divided 
by four). 
Total 
count 
period 
is 4095 cycles. 
The MCU communicates 
with 
this counter 
via 
the 
miscellaneous 
register 
(MR5 
and 
MR4). 
Count- 


down 
may be aborted 
at any time 
under 
program 
control, 


which 
also 
resets 
the 
counter 
to 4095 
and 
clears 
MR5. 
When 
MR4 is clear 
and MR5 is set as a result 
of counter 
time 
out, 
the 
reset 
pin 
is internally 
pulled 
to ground. 
If 
the 
MCU 
loses 
control 
of the 
program, 
the 
"watchdog" 


timer 
will 
bring 
the 
MCU 
back to 
reset. 
Refer to 
Figure 
12 for counter 
operation 
diagram. 


EPROM PROGRAMMING 


ERASING 
THE EPROM 


The EPROM 
can be erased 
by exposure 
to high-inten- 
sity ultraviolet 
(UV) light 
with 
a wavelength 
of 2537A. The 
recommended 
integrated 
dose (UV intensity 
x exposure 
timel 
is 25Ws/cm2. 
The 
lamps 
should 
be used 
without 
software 
filters, 
and the MCU should 
be positioned 
about 
one inch from 
the UV tubes. 
Ultraviolet 
erasure 
clears 
all 
bits of the EPROM 
to the 
"zero" 
state. 
Data can then 
be 
entered 
by progamming 
"ones" 
into 
the 
desired 
bit lo- 


cations. 
CAUTION 


Be sure that the EPROM window 
is shielded 
from 
light 
except 
when 
erasing. 
This 
protects 
both 
the 
EPROM 
and light-sensitive 
nodes. 


MASK 
OPTION 
REGISTER 
(MOR) 
$F1E 


The 
MOR 
is implemented 
in EPROM 
and 
contains 
all 
zeros prior 
to programming. 
The MOR bits are described 
in the following 
paragraphs. 
This 
register 
is not affected 
by reset. 
7 


elK 


ClK 
- 
Clock 
(oscillator 
type) 
1 = Resistor 
Capacitor 
(RC) 
0= Crystal 
TOPT - 
Timer 
Option 
1 = Enables 
timer 
C 
0= Disables 
timer 
C 
PBTS - 
Port 
B Toggle 
Source 
This bit is not used on the TJ6 mask 
set. When 
cleared 
the operation 
is the 
same 
as the TJ6 mask 
set opera- 
tion. 
1 = Port 
B toggle 
source 
will 
come 
from 
the timer 
B 
overflow 
even 
if a write 
operation 
is performed 
on timer 
C 
0= After 
the first 
write 
operation 
to timer 
C, the tog- 
gle source 
coming 
from 
the timer 
B overflow 
is 
replaced 
by the timer 
C overflow. 
If no write 
op- 
eration 
is performed 
on timer 
C, then 
timer 
B is 
the port 
B toggle 
source. 
lVI - 
low 
Voltage 
Inhibit 
1 = Enables 
low-voltage 
detection 
circuitry 
0= Disables 
low-voltage 
detection 
circuitry 
Bits 
1-3 
User available 
register 
bits during 
normal 
mode 
of op- 


eration 
SEC - 
Security 
For full 
security, 
this 
bit must 
be set in the 
MOR and 
mirror 
MOR ($F16). 
1 = Enables 
EPROM 
read protection 
0= Disables 
EPROM 
read 
protection 
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EXTERNAL RESET ~ 
I 


RESET 
U 
VIRES + 


1 
I 
I 
I 


: 
IMRSI-I 
~, /_L 


I 
~ 
I 
I 


I 
I 
o tlMRSI 
0 tlMR41 


fORCEO RESET"4.1 
TIME 


VIRES 
~ 


I 
I 
I 
I 
lAC 
IMRSI=O 


I 
I 
I 


1 
I 


ltlMRSI 


[MRSJ. 


IMR4J~ 
I 
I 
I 
I 


lt1MR4) 
o 
Counter 
Preset by Writing 
"'" 
o 
Underflow: 
MRS t '; No Forced 
Reset 
o 
Counter 
Reset by Writing 
"0" 
o 
Underflow 
MRS t , Forced 
Reset 
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PROGRAMMING 
CONTROL 
REGISTER 
(PCR) $012 


The 
PCR is an 8-bit 
register 
which 
provides 
the 
nec- 
essary 
control 
bits to program 
the EPROM. The bootstrap 
program 
manipulates 
the PCR when 
programming 
so the 
user 
need 
not 
be concerned 
with 
PCR in most 
applica- 
tions. 


PLE - 
Programming 
Latch 
Enable 
Controls 
address 
and 
data 
being 
latched 
into 
the 
EPROM. 
Set during 
reset, but may be cleared 
anytime. 


1 = Read EPROM 
0= Latch 
address 
and data 
on EPROM 
PGE - 
Program 
Enable 
Enables 
programming 
of EPROM. 
Must 
be set when 


changing 
the address 
and data. 
Set during 
reset. 


1 = Inhibit 
EPROM 
programming 
0= Enable 
EPROM 
programming 
(if PLE is low) 
VPON - 
Vpp 
On 
A read-only 
bit that 
indicates 
high 
voltage 
at the Vpp 
pin. When 
set to "one", 
disconnects 
PGE and PLE from 
the chip. 


1 = No high 
voltage 
of Vpp 
pin 
0= High 
voltage 
on Vpp 
pin 


NOTE 


VPON being 
"zero" 
does not indicate 
that the Vpp 
level 
is correct 
for 
programming. 
It is used 
as a 
safety 
interlock 
for the user in the normal 
operating 
mode. 


VPON 
PGE 
PLE 
Programming 
Conditions 


0 
0 
0 
Programming 
enabled 
(program 
EPROM byte) 


1 
0 
0 
PGE and PLE bits disabled 


0 
1 
1 
Programming 
disabled 
(latch 
address and data in EPROM) 


1 
1 
0 
PGE and PLE disabled 


0 
0 
0 
Invalid state 


1 
0 
1 
Invalid state 


0 
1 
1 
Voltage 
applied 
to RESETVpp 


pin 


1 
1 
1 
PGE and PLE disabled 
(operating 
model 


PROGRAMMING 


The MCU 
bootstrap 
program 
can be used to program 


the 
EPROM. 
The vectors 
at address 
$FF6 and 
$FF7 are 


used 
to start 
the 
program. 
This 
vector 
is fetched 
when 
~TP 
is applied 
to the PRESCALER/PCO 
pin and the RE- 


SET pin 
is allowed 
to rise above 
VIB.E..S..±..The 
level 
on 
the 
PRESCALER/PC1 
pin, when 
the RESETlVpp 
pin rises 
above 
VIRES +, determines 
which 
programming 
mode 
is selected. 
A high 
level 
on PRESCALER/PC1 
selects 
the 


auto-programming 
operation. 


A M2532/2732 
UV EPROM 
must 
first 
be programmed 
with 
the same 
information 
that 
is to be transferred 
to the 
MCU EPROM. 
Unprogrammed 
EPROM address 
locations 
should 
contain 
$00 to speed 
up the 
programming 
oper- 
ation. 
Figure 
13 is a schematic 
diagram 
for 
a board 
and 
circuitry 
that 
can be used to program 
the 
MCU 
EPROM. 


Perform 
the 
following 
steps 
to 
program 
the 
MCU 
EPROM: 
1. Insert 
the programmed 
EPROM 
and erased 
MCU 
EPROM 
into 
U2 and 
U3. 


2. Programming 
operation 
starts 
when 
S1 is placed 
to the ON position. 
a) 
DS1 and 
DS2 illuminate. 


b) 
MCU 
control 
is t~ansferred 
to 
the 
bootstrap 
ROM, 
and the programming 
routine 
executed 
by the bootstrap 
loader 
program. 


c) 
DS3 
blinks 
during 
programming. 
When 
pro- 
gramming 
is complete, 
DS3 
remains 
illumi- 
nated. 


d) 
After 
two 
seconds 
DS4 will 
illuminate 
indicat- 
• 
ing the 
MCU 
has been 
programmed 
and 
ver- 
ified. 
3. 
Remove 
power 
by placing 
S1 to the OFF position 
and 
remove 
programmed 
MCU. 


NOTE 


No programming 
can be done 
once the MOR and 
mirror 
MOR security 
bit has been 
programmed 
to 
logic one. The only 
way to proceed 
from 
the secure 
mode 
to 
the 
non-secure 
mode 
is by 
erasing 
the 
MCU. 
The MCU 
must 
be reset following 
program- 
ming 
of the SEC bits to enable 
the security 
feature. 


EMULATION 


The MCU is designed 
to emulate 
the functions 
of either 
the 
MC6805S2 
or 
MC6805S3. 
However, 
due 
to 
pin 
as- 
signments, 
processing, 
and 
mask 
options, 
the 
MCU 
has 
some 
differences. 
The differences 
are listed 
as follows: 
1. Port A output 
on the MC6805S2/S3 
is a mask option. 
The 
CMOS 
pullup 
option 
on 
port 
A is not 
imple- 
mented 
on 
MC68705S3. 
If this 
option 
is required, 
pullup 
resistors 
must 
be installed. 
2. The RC clock 
on the MC6805S2/S3 
is a mask option. 


To enable 
the MC68705S3 
RC clock, 
MOR bit 7 must 
be programmed 
to a logical 
one. 


3. The 
LVI on the 
MC6805S2/S3 
is a mask 
option. 
To 
enable 
the 
LVI on 
MC68705S3, 
MOR 
bit 4 must 
be 
programmed 
to a logical 
one. 


4. The MC68705S3 
RESETlVpp 
and 
VSTBy/AN4/1NT21 


PD6 electrical 
characteristics 
are 
different 
for 
the 
MC6805S2/S3. 


5. 
Pin 4 (AN4 
and VSTBY) 
on MC6805S2/S3 
is a mask 


option. 
On 
the 
MC68705S3, 
pin 
4 is enabled 
for 
VSTBy/AN4/INT2/PD6. 


6. On MC6805S2/S3 
pin 4, standby 
RAM 
contents 
will 
be lost 
if the 
voltage 
drops 
below 
3.0 V. Standby 
RAM on the MC68705S3 
will 
not be lost unless 
volt- 


age drops 
below 
4.0 V. 
7. Above 
certain 
voltages 
(3.7 V typical), 
pin 4 will 
ex- 
hibit 
lower 
input 
impedance 
than the MC6805S2/S3. 
This 
may 
cause 
AID conversion 
inaccuracies 
if the 
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16 
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20 
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10 k 


C3 
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REm /VPP 
23 
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2B 
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8 
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12 


22 ~~~ 
U3 
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13 
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pin is used as fifth AID input channel. 
Pin 4 is always 
a high :mpedance 
input on the MC6805S2/S3. 
8. Reset and Vpp functions 
share a common 
pin (23) 
on the MC68705S3. 
Therefore, 
electrical 
character- 
istics 
on this 
pin 
may vary 
from 
the same 
pin on 


MC6805S2/S3. 
The 
input 
impedance 
on 
the 
MC68705S3 
pin is approximately 
equivalent 
to the 
1.0 
ohm 
pUlidown 
resistor; 
whereas, 
on 
the 
MC6805S2/S3, 
this 
pin is a high 
impedance 
(220K 
ohms) 
input. 
Therefore, 
the MC68705S3 
requires 
a 
pullup 
resistor 
on the RESET pin to recover 
from 
a 
reset condition. 


The serial 
peripheral 
interface 
(SPI) has arbitration 
on 
the data and clock lines. The SPI communicates 
with the 
MCU 
via data and 
control 
registers. 
The SPI data and 
clock 
inputs 
are always 
taken 
from 
their 
respective 
I/O 


ports, 
regardless 
of the status of the data direction 
reg- 
isters relative 
to that port. The SPI can operate 
in modes 
from auto clocked (NRZl, half duplex, 
and full duplex with 
from 
a one to a four wire 
combination. 
Refer to Figure 
14 for the SPI block diagram. 


SPI CONTROL AND STATUS 
REGISTER 


This 8-bit 
register 
contains 
the status 
and control 
bits 


relative 
to SPI operations. 
The SPI control 
register 
op- 
eration 
is shown 
in Figure 15. The SPI control 
and status 
register 
bits can be set or cleared under program 
control. 


1 
6 
5 
4 


SPICR7 - 
SPI Interrupt 
Request Bit 
Set on eighth 
data input 
strobe. 
MCU services 
this in- 
terrupt 
if I bit is clear in CCR. 
1 ; Interrupt 
request 
(if SPICR6 not masked) 
0; 
No interrupt 
pending 
SPICR6 - 
SPI Interrupt 
Request Mask Bit 
1 ; Disables 
interrupt 
request 
from 
SPICR7 
0; 
Enables 
interrupt 
request 
from 
SPICR7 
SPICR5 - 
SPI Clock Sense Bit/Bus-Busy 
Flag 
Dual-function 
bit controlled 
by the status of SPICR4. 


1 ; Start 
SPI operation 
when 
SPICR4; 
1. Input 
data 
latched on positive 
edge and output 
data changed 


on negative 
edge of SPI clock when 
SPICR4; o. 
0; 
Stop SPI operation 
when 
SPICR4; 
1. Input 
data 
latched on negative edge and output data changed 
on positive 
edge of SPI clock when 
SPICR4; o. 


SPICR4 - 
SPI Operation 
Enable Bit 
This bit determines 
the functions 
of SPICR5 and SPICR2. 


1 ; Enables SPI data register 
shifting, 
data and clock 


arbitration 
logic, and slave select input 
logic 
0; 
Disables SPI data register 
shifting, 
data and clock 


arbitration 
logic, and slave select input 
logic 


SPICR3 - 
SPI Data Output 
Select Bit 
1; 
Output 
of the SPI data register 
is loaded 
to port 
B3 data register 
at the appropriate 
SPI clock edge 


selected 
by SPICR5, during 
the active transaction 
mode 
0; 
Output 
of the SPI data register 
is loaded 
to port 
B2 data register 
at the appropriate 
SPI clock edge 


selected 
by SPICR5, during 
the active transaction 


mode 
SPICR2 - 
Port Bl Toggle 
Enable/Start 
Bit 
Dual-function 
bit controlled 
by the status of SPICR4. 


1; 
Start bit is set by negative 
transition 
of the data 


input of the SPI data shift register 
while 
the clock 
is at the idle level when 
SPICR4; 
1. Start 
bit set 
under program 
control 
to enable port Bl data reg- 
ister toggle 
facility 
when 
SPICR4;0. 


0; 
Stop SPI operation 
when 
SPICR4; 
1. Cleared 
un- 
der program 
control 
when 
SPICR4;0. 


SPICRl - 
Mode 
Fault Flag 


1; 
(a) Mode 
flag 
is set when 
SPI data output 
arbi- 
tration 
occurs on the SPI data output 
port (PB3 
or PB2) selected 
by SPICR3. The MCU 
loses 
data mastership, 
and the SPI data output 
port 


DDR is cleared. 


(b) 
Mode 
flag 
is set if a low 
level 
is detected 
on 


slave 
input 
PBO. Then, 
the 
MCU 
loses 
clock 
mastership 
switching 
to the clock slave mode, 


and port Bl DDR is cleared. 


(c) Mode flag is set during 
the idle mode when 
a 
negative 
clock edge is detected 
on the SPI clock 


input, 
and the port Bl data register 
is cleared. 


0; 
Cleared 
under 
program 
control 


SPICRO - 
SPI Input 
Data Select Bit 
1; 
SPI data from 
port B3 is latched 
into the SPI data 
register 
0; 
SPI data from 
port B2 is routed 
to the input of the 
SPI data register 


SPI DATA REGISTER 


This register 
can be written 
to any time 
and can also 
be read, regardless 
of serial operations, 
without 
disturb- 


ing the data. A one bit shift to the left occurs 
each time 
there 
is a data input 
strobe 
while 
the LSB is loaded with 
data from 
port B2 or B3. The MSB is loaded 
every 
time 
there is data output 
strobe. 
Data input and output 
strobes 
are generated 
internally 
only 
during 
the active 
transac- 
tion time. 


SPI DIVIDE-BY-EIGHT 
COUNTER 


The counter is cleared during SPI deselect or idle modes. 


A count 
occurs at every data input 
strobe 
during 
the ac- 
tive transaction 
mode. 
At overflow, 
SPICR7 is set which 
puts the SPI in idle mode 
and blocks 
all data input 
and 
output 
strobes. 
The counter 
is cleared 
when 
PBO is high 


if the SPI is in the slave mode or when a "start" 
condition 
is detected. 


SPI OPERATION 


The SPI can operate 
in a variety 
of modes. 
Software 
assisted 
protocols 
may be defined 
to upgrade 
the hard- 


ware versatility 
and/or 
system 
performance 
of the MCU. 


Some features 
common 
to all operating 
modes are sum- 
marized 
in Table 
1 and in the following 
paragraphs. 


• 
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• 


DATA 
OUT 


STROBE 


DATA 
IN 


STROBE 


OPEN 
DRAIN 


ENABLE 


DCRI 


CLEAR 


-;-8 


CLEAR 


CLOCK 


DATA 
IN 


STROBE 


TOGGLE 


ENABLE 
DATA 


REGISTER 
DIRECTION 


MRO 
DCR4 
REGISTER 


OCR BO 
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INTERRUPT 


REQUEST 


TQ CPU 


TO PB3 


DATA 
REGISTER 


TO PB2 


DATA 
REGISTER 


1) SPI data input and output may be individually 
routed 
to or from PB2 or PB3 (Table 2). These four routings 
provide 
half and full duplex 
operations, 
as well as 


allowing 
bidirectional 
information 
to flow in daisy- 


chained 
systems. 
2) When 
data input 
and output 
is done on PB2, PB3 
is available 
for any other 
use and vice versa. 


3) Data input 
is always 
relative 
to the port pin logic 


level regardless 
of the data direction 
register status 


on that pin. 


4) In full duplex 
operation, 
16 bits of information 
may 
be transferred 
with 
eight clock pulses 
between 
at 
least two devices with transmit 
capability. 
Both PB2 


and PB3 are used for data transfer. 
The same shift 
register 
is used for data in and data out. The byte 
transmitted 
replaces 
the byte received. 
SPICR7 is 
used to signify 
that the 110 operation 
is complete. 


5) SPI clock is always provided 
on port B1. In the clock 


slave 
mode, 
port 
B1 DDR is in the 
input 
mode 
(cleared). 
In the clock master 
mode, 
port B1 DDR 
is set; therefore, 
the MCU imposes 
the clock level 


on PB1 until there 
is clock arbitration 
on the clock 
line or until the MCU loses clock mastership 
when 
PBO goes low. 


6) No fixed 
baud 
rate generation 
exists. 
The clock 


frequency 
is dependent 
on the 
prescaleer 
clock 


source option, 
prescaler 
divide 
ratio, and timer 
di- 
vide 
ratio 
as well 
as the port 
C status 
in case of 


external 
clocking 
for the timer. Toggling 
of the port 
B1 data 
register 
is automatically 
allowed 
during 
the active transmission 
mode. 


71 All devices 
connected 
to the SPI must 
have their 
output 
and 
input 
data 
strobe 
on the 
same 
clock 
edge for correct 
transfer 
of data. 
8) During the active transmission 
mode, the first clock 


edge 
must 
be the output 
data strobe. 
When 
this 
occurs, the MSBs of the data registers 
of all trans- 


mitters 
are copied 
onto the data output 
pins, and 


the MCU copies 
the MSB of its SPI onto the port 
B2 or B3 data register. 


9) Port B data direction 
registers 
and port B data con- 
trol 
registers 
are accessible 
during 
SPI operation. 


During 
active transaction 
mode, the PB1 data reg- 


ister, PB2 data register 
(if SPICR3 = 0), and PB3 (if 
SPICR3 = 1) are not write accessible 
under program 
control. 


10) Port B lines not used for SPI can be used for other 


digital 
functions. 


SELECT INPUT 
OPERATION 


An external 
device 
supplies 
slave 
select 
information 
via port BO.If slave select is not used, set port BOto output 
mode to inhibit 
slave select function. 


The following 
paragraphs 
describe 
clock 
master 
and 


clock slave operating 
modes 
of the SPI. 


Master 
Mode 
Slave Select 
Actions 


The MCU monitors 
slave select input 
in master 
mode 


to assure that it stays false. If slave select goes true, the 
MCU exits master 
mode 
and becomes 
a slave. This im- 


plies that a write collision 
has occurred 
which 
means two 


I 
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DEFINITIONS 


Transmitter - 
Data Master: DDRB2or 3= 1 


Receiver - 
Data Slave: DDRB2or 3 = 0 


Clock Master: DDRB1= 1 
Clock Slave: DDRB1= 0 
Transaction Mode: SPICR4= 1 
1) Active: 
SPICR7e(DDRBOePBO+DDRBO)if DDRBl =0 (clock slave mcdel or 
SPICR7e(DDRBOePBO+DDRBO)if DDRBl = 1 (clock master model 
Clock Pulses allowed, data shifted 


2) Idle: SPICR7+ DDRBDePBOif DDRB1= 0 (clock slave mode) 
Clock pulses blocked, data output line in high-impedance state 


Deselect Mode: SPICR4~ 0 - No SPI Operations 


SLAVE SELECTINPUT 


Slave Select Input: SPISS- PBO 


If DDRBO~ 0 then so SPISS action on MCU 


1) Master Mode: SPISS= 1 
DDRBl = 1 


SPISS 1 - 
0: Switch to Slave Mode (DDRBl 1- 01 
Set SPICR1(Mode Fault Flag) 
2) Slave Mode: SPISS~O 
DDRBl ~O 


External clock is allowed to shift data infout. If SPISS is pulled high, the external clock input pulses 
are inhibited; 
no data shift; divide-by-eight counter cleared; SPID (PB2 or PB31switched to high- 


impedance 
state. 


Used as Chip-Select Input 


DATA ARBITRATION 


Data 
master 
loses 
data 
mastership 
when 
data 
collision 
occurs 
during 
internal 
data 
strobe 
time. 


Then SPICRl (mode fault flag) is sat; SPID output port DDR (B2 or B311 .0 
(high-impedance state). 


CLOCKARBITRATION 


MCU has clock mastership (DDRB1~ 11 


1) Via SPISS line (DDRBO=OI.If SPISS is pulled low, then clock mastership lost; DDRBl 1.0 
(high-imped- 


ance state); SPICRl is set (mode fault flagl. 


2) Via clock line SPICL(DDRBl =1 and DCRB5=0) 


Condition: 
SPICL must have open-drain output (DCRB5=01 


If clock line is held low externally then clock mastership is not lost; minimum tCLH and 
tCLK times are guaranteed. 


If SPICL goes low during idle mode then SPICRl ~ 1 and clock line is switched low to 
inhibit the system clock. 


MODE FAULT FLAGE OPERATION(SPICR1) 


Flag set when any of the following conditions occur: 


Data arbitration occurs on SPID output. 
Clock arbitration with SPISSduring master to slave switching. 
Clock arbitration via clock line if SPICL 1 .0 
during idle. 


START, STOP, AND CLOCKIDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be 


changed is defined as the SPI clock idle state. 
SPICR5=0: SPICL Idle~Low 
State 


SPICR5=1: SPICL Idle=High 
State 


NOTE 


Clock idle state can only be defined if SPICR4= 0 (Deselect Mode) 


Start Condition: 
Any negative transition of the data input line (PB2 or PB31during an SPICL idle state. 
Stop Condition: 
Any positive transition of the data input line during an SPICL idle state. 
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Port 
Use 
Input 
Output 
Comments 
Name 


PBO 
SPISS 
Yes 
No 
Used as slave select input 


PBO 
Data 
No 
Yes 
Used as "busy" 
signal or any digital 


output 


PBl 
SPICL 
Yes 
No 
Clock slave 


PBl 
SPICL 
No 
Yes 
Clock master 


PB2 
SPID 
Yes 
No 
SPI data input SPICRO= 0 
PB2 
SPID 
No 
Yes 
SPI data output SPICR3= 0 
PB2 
Data 
Yes 
Yes 
Any digital signal SPICR3= 1 


PB3 
SPID 
Yes 
No 
SPI data input SPICRO= 1 
PB3 
SPID 
No 
Yes 
SPI data output SPICR3= 1 
PB3 
Data 
Yes 
Yes 
Any digital signal SPICR3= 0 


devices 
attempted 
to become 
masters. 
Write 
cOllisions 
normally 
result 
from 
a software 
error, 
and 
the 
default 


master 
must 
clean 
up the system. 
The mode 
fault 
flag 
is 
set to 
signal 
that 
clock 
mastership 
is lost. 
Slave 
select 
actions 
can take place 
during 
either 
active 
or idle trans- 
action 
modes. 


Slave 
Select 
Input 
Actions 
During 
Slave 
Mode 


The current 
clock 
master 
generates 
slave 
select 
to en- 
able 
one of several 
slaves 
to accept 
or return 
data. 
The 
SS signal 
must 
go low 
before 
serial 
clock 
pulses 
occur 
and 
must 
remain 
low 
until 
after 
the 
eighth 
serial 
clock 
cycle. 
Individual 
lines 
or a daisy 
chain 
can 
be used 
for 
multiple 
slaves. 
When 
SS is high, 
the following 
occur: 


• 
Serial data output 
is forced 
to a high-impedance 
state 
without 
affecting 
the DDR status. 
• 
Serial 
clock 
input 
pulses 
are inhibited 
from 
gener- 
ating 
internal 
data output 
and input 
strobe 
pulses. 
• 
The eight-bit 
counter 
is cleared. 


SPI OPERATING 
MODES 


Six methods 
of operating 
the SPI are discussed 
in the 
following 
paragraphs. 


One-Wire 
Autoclocked 
Mode 


Various 
SPI devices 
can be connected 
on a single 
wire, 
with 
data transmission 
using 
an implicit 
clock, 
and each 
device 
being 
its own 
clock 
master. 


Two-Wire 
Half-Duplex 
Mode 


In this 
mode, 
separate 
data and clock 
lines connect 
the 
elements 
in the system. 
Data and clock mastership 
should 
be monitored 
via protocol 
included 
in the data 
patterns. 
A transmitter 
can send 
all zeros 
to take 
all other 
trans- 


mitters 
off the bus. 


Three-Wire 
Half-Duplex 
Mode 
with 
Slave 
Select 
Input 


This mode 
is the same as the half-duplex 
mode 
except 
that 
the 
slave 
select 
input 
allows 
using 
the 
MCU 
as a 
peripheral 
in a system 
where 
clock 
mastership 
is passed 
through 
the 
slave 
select 
line. 
Typically, 
the 
slave 
select 
lines 
can be wired 
together. 
The current 
master 
sets its 
slave select 
line in the output 
mode 
prior 
to a serial trans- 


mission 
and 
pulls 
it low 
to 
indicate 
that 
the 
system 
is 
busy. 
This 
allows 
the 
clock 
master 
to retain 
mastership 
until 
the end 
of transmission. 
Software 
protocol 
can be 
arranged 
so that 
slaves 
do not 
request 
mastership 
until 
their 
slave 
select 
lines 
go high. 
At the end of a transmis- 
sion, 
the 
current 
master 
pulls 
SPISS 
high 
and 
puts 
the 
SPISS 
port 
(PBOI in the 
input 
mode. 
A slave 
requesting 
clock 
mastership 
pulls 
the SPISS line 
low, 
removing 
the 
current 
master 
from 
the line. Time 
multiplexed 
protocols 
may 
be required 
to 
avoid 
simultaneous 
mastership 
re- 


quests. 


Three-Wire 
Full-Duplex 
Mode 


This 
mode 
allows 
the 
MCU to operate 
simultaneously 
as transmitter 
and receiver. 
Bus or daisy-chain 
networks 
are feasible. 
Protocols 
in the data stream 
are required 
to 
change: 
• 
Clock 
masters 
• 
The number 
of transmitters 
in the system 
• 
The direction 
of data flow 
in daisy-chained 
systems 
with 
collision 


It is possible 
for the 
MCU to shift 
out one byte 
of data 
while 
receiving 
another, 
as illustrated 
in Figure 
16. This 
eliminates 
the need for XMIT 
EMPTY 
or REC FULL status 
bits. 


Three-Wire 
Full-Duplex 
Mode 
with 
Clock 
Arbitration 


This 
mode 
is a mix 
of the three-wire 
fUll-duplex 
mode 
and 
two-wire 
half-duplex 
mode 
with 
clock 
arbitration, 
where 
the SPI clock 
line 
operates 
as a wire-or. 
Simulta- 


neous 
masters 
are allowed, 
and 
clock 
arbitration 
is via 
the clock 
line. 


Four-Wire 
Full-Duplex 
Mode 
with 
Slave-Select 
Input 


This mode 
is similar 
to the three-wire 
full-duplex 
mode 
in network 
construction 
and to the three-wire 
half-duplex 
mode with 
slave-select 
input 
in clock arbitration 
and slave 
selection. 
Refer to Figure 
17. 


The chip resident 
8-bit analog-to-digital 
(AIDI converter 
uses 
a successive 
approximation 
technique 
as show 
in 


I 
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I 


SLAVE SELECT 


CLOCK 


OATA 


{ 
B2=SPIO 
IN 
B3= SPIC OUT 
{ 


---+ 


INFORMATION FLOW 


Figure 18. Four external 
analog 
inputs can be connected 
to the AID through 
a multiplexer 
via port D. Four internal 
analog 
channels 
(VRH - VRL, VRH - VRL/2, VRH - VRL/4, 
and VRL) may be selected 
for calibration. 
The accuracy 
of these 
internal 
channels 
may 
not 
meet the accuracy 
specifications 
of the external 
channels. 


A fifth 
external 
analog 
input 
(AN4) is available 
via the 
mask option. 
When selected, 
it replaces the VRH internal 
channel. 
Due to signal 
routing, 
the accuracy 
of this fifth 
channel 
may be slightly 
less than ANO-AN3. 
Multiplexer 
selection 
is controlled 
by the AID control 
register 
(ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer 
selection. 
The ACR is shown 
in Figure 
18. The 
converter 
uses 30 machine 
cycles to complete 
a conver- 
sion of a sampled 
analog 
input. When the conversion 
is 
-- --< 
MCUI 


-- --< 
........r1---4 
MCU 2 
~ 
Vc 


-- --< 
MCU 3 


complete, 
the 
digital 
value 
is placed 
in the AiD 
result 


register 
(ARR); the conversion 
flag is set; selected 
input 
is sampled 
again; 
and a new conversion 
begins. 
When 
ACR7 is cleared. 
the conversion 
in progress 
is aborted 


and the selected 
input, 
which 
is held internally, 
is sam- 


pled for five machine 
cvcles. 
The converter 
uses VRH and VRL as reference voltages. 
An input 
voltage 
equal to or greater 
than VRH converts 


to $FF. An input 
voltage 
equal to or less than 
VRL, but 
greater 
than VSS. converts 
to $00. Maximum 
and mini- 


mum 
ratings 
must 
not be exceeded. 
Each analog 
input 
source 
should 
use VRH as the 
supply 
voltage 
and 
be 


referenced 
to 
VRL for 
the 
ratiometric 
conversion. 
To 


maintain 
full 
accuracy 
of the 
AID, 
three 
requirements 


should 
be followed: 
(1) VRH should 
be equal to or less 


{ 
SPIO:PB2/3 
SPICL:PBl 


'HALF OUPLEX 
{ 
SPIO:P02/3 
WITH CLOCK ARBITRATION 
SPICL:PBl 


{ 


SPIO:PB2/3 
SPICL:PBl 
SPISS:PBO 


{ 


SPIO IN:PB2I3 
SPIO OUT:PB3/2 
SPICL:PBl 


{ 


SPIO IN:PB2/3 
SPIO OUT:PB3/2 
SPICL:PBl 
SPISS:PBO 
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AiD 
Control 
Register 
Input 
AiD Output 
(Hex) 


ACR2 
ACR1 
ACRO 
Selected 
Min 
Typ 
Max 


0 
0 
0 
ANO 
0 
0 
1 
AN1 
0 
1 
0 
AN2 
0 
1 
1 
AN3 
1 
0 
0 
VRH" 
FE·· 
FF** 
FF** 
1 
0 
1 
VRL' 
00 
00 
01 
1 
1 
0 
VRH/4' 
3F 
40 
41 
1 
1 
1 
VRH/2' 
7F 
80 
81 


'Internal 
Icalibrationllevels 


., AN4 may replace the VRH calibration 
channel if selected via 
mask 
option. 


than VCC, (2) VRL should 
be equal to or greater 
than VSS 
but less than 
maximum 
specifications, 
and (3) VRH - VRL 
should 
be equal 
to or greater 
than 
4 volts. 
The AID has a built-in 
1/2 LSB offset 
intended 
to reduce 
the magnitude 
of the quantizing 
error to 
='= 1/2 LSB, rather 
than 
+ 0, 
- 1 LSB with 
no offset. 
This 
implies 
that, 
ig- 
noring 
errors, 
the transition 
point 
from 
$00 to $01 occurs 
at 1/2 LSB above 
VRL. Similarly, 
the transition 
from 
$FE 
to $FF occurs 
1-1/2 LSB below 
VRH, ideally. 


The MCU 
has a set of 59 basic 
instructions 
which 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is either 
the accumulator 
or the index 
register. 
The 


OIA 


15 k ITYP) 


P05IVRH 


P04IVRL 


POD/AND 


PDlIANl 


PD2/AN2 


PD3/AN3 


INT2/PD6/AN4 


I-OF·S 
SELECT 
MULTIPLEXER 


AID 
CONTROL 
REGISTER 


other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The 
jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) 
instructions 
have 
no 
register 
operand. 
Refer to the fOllowing 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LOA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SU8 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Comparel 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the first 
256 bytes 
of the memory 
space where 
all port registers, 
port 
DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An 
additional 
feature 
allows 
the 
soft- 
ware 
to test 
and 
branch 
on the 
state 
of any 
bit 
within 
these 
256 locations. 
The bit set, bit clear and bit test, and 


AID 
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REGISTER 


• 
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II 


branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For test 
and 
branch 
instructions, 
the value 
of 
the bit tested 
is also placed 
in the carry bit of the condition 
code 
register. 
Refer to the following 
list for 
bit manipu- 


lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n = 0 . .. 7) 


Branch if Bit n is Clear 
BRCLR n (n=O 
.7) 


Set Bit n 
BSET n (n =0. 
.7) 


Clear Bit n 
BCLRn(n=O. 
.. 7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software 
Interrupt 
SWI 


Return from Subroutine 
RTS 


Return 
from 
Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


READ-MODIFY 
-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 


ister, 
modify 
or test 
its contents, 
and write 
the modified 
value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero 
(TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does 
not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
, 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 


tion is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two 
byte 
instructions. 
Refer 
to the 
fol- 


lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch 
Never 
BRN 


Branch IFF Higher 
BHI 


Branch IFF Lower or Same 
BLS 


Branch IFF Carry Clear 
BCC 


(Branch IFF Higher or Same) 
(BHSJ 


Branch IFF Carry Set 
BCS 


(Branch IFF Lower) 
(BLO) 


Branch IFF Not Equal 
BNE 


Branch IFF Equal 
BEQ 


Branch IFF Half Carry Clear 
BHCC 


Branch IFF Half Carry Set 
BHCS 


Branch IFF Plus 
BPL 


Branch IFF Minus 
BMI 


Branch IFF Interrupt 
Mask Bit is Clear 
BMC 


Branch IFF Interrupt 
Mask Bit is Set 
BMS 


Branch IFF Interrupt 
Line is Low 
BIL 


Branch IFF Interrupt 
Line is High 
BIH 


Branch 
to Subroutine 
BSR 


OPCODE 
MAP SUMMARY 


Table 
4 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 


vide the programmer 
with 
an opportunity 
to optimize 
the 


code 
for 
all situations. 
The various 
indexed 
addressing 


modes 
make 
it possible 
to locate 
data 
tables, 
code 
con- 
version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 


ory 
space. 
Short 
indexed 
accesses 
are 
single-byte 


instructions, 
while 
the longest 
instructions 
(three 
bytes) 


permit 
accessing 
tables 
throughout 
memory. 
Short 
and 
long absolute 
addressing 
is also included. 
Two-byte 
direct 
addressing 
instructions 
access 
all data bytes 
in most 
ap- 


plications. 
Extended 
addressing 
permits 
jump 
instruc- 


tions 
to reach 
all memory. 


The term 
"effective 
address" 
(EAI is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 


tained 
in the byte immediately 
following 
the opcode. 
The 
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~ 


1 


IXXll 


~ 


, 'BRSE!? 
BSE~~r 


10 
7 
" 
BRCL:9. 
BCL~~C 
BR". •• 


'BASEJT' 
R 
BSE~~r 
.• 
BHI 


AF1 


19ACl~T1A 
7 BCl~~,.. 
, 
BlSR~1 


'SASe:? 
7 BSE~~, 
4 
BCCR~I 


'BRCL:l. 
'BCL~~c 
• 
BCS." 


'';!., 
7 
, 
6 
" 
, 
7 
6 


BRSEJ;A 
BSE~~r 
BNERF1 
AORnlR 
1 AOA~H 
1 AOR~H 
, 
AOR'XI 
1 


19ACl:lA 
BCl~~r 
"BEOAF1 
: 
ASRnlR 
: ASR~H 
: ASR~NH 
: 
ASR,X\ 
~ 


l~RSE!:a 
BSE~~,. 
.• BHC~F' 
: 
LSLnlR 
: 
lSL~NH 
: 
LSl~"'H 
') 
LSL,X1 
~ 


10 
7 
•• 
6 
" 
•• 
7 
6 


BRCl:~ 
11 BCl~~c 
9HC~fl 
,ROL01R 
1 ROl~NH 
1 ROL~NH 
, 
ROL,X1 
1 


BASEJiR 
I , BSE~~r 
' 
BPLRl=1 
: 
DECn,R 
: 
DEC~NH 
: 
DEC~H 
: 
DEC,X1 
~ 
,~. 
. 


BACL~5A I ') 8Cl~t 
I ') 
BM~FI 


'~. 
•• 
10 
•• 


BRSE!~. 
I , BSE~~c 
I, BM~ •• I, 
'NC 01. 
,'NC~NH 


I~. 
.• 
11:1 
•• 


BRCL~~. 
BCL~~c 
I ,BM~" 
, 
TS\,. 
1 TST~NH 


11l._ 
7 
.• 


BRSE!,'. 
I ,BSE1~c 
I, 
BIL. 


'gACLR7 
BeLA7 
4 
81H 
I 6 
(LR 
.• CLRA 
"(lAX 
J 
8TB 
2 
8se 
2 
REL 
'1 
DIR 
1 
INH 
1 
INH 
2 


~I 


,:'00 


5 
, 
1 


. 
, 
. 


1 INC~NH 
'1 INC IX1 
I 
INC 
IX 


• 
• 
1 TST~NH 
, 
TST,)(\ 
1 


Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and 
Branch 
Indexed (No Offset 1 
Indexed, 
1 Byte I8-Bit) 
Offset 


Indexed, 
2 Byte (16-Bit) 
Offset 


I 
,':" 


I 
ATI 
NO. 
• 
RTS 
\ 
INH 


SU~~..u..l 
7 
SUBn'R 
, 
. 


2 CM~H~ 
1 
CMP01R 
. 


SB 


TMM 


7 
SBC 
nlR 
, 
. 


CP~MM 
2 
CPX nlR 


AN?MM 
? 
AND01H 
2 
• 


B';MM 
, 
BIT nl. 
I 
• 


LD~MM 
7 
lOAnlR 


TA~NH 
: 
STAnlR 
. 


CleN•.• 
EO~MM? 
EOA nlR 
, 
. 


BIT 
FXT 


LOA 
X' 


ST~lIT 


EOR 
X' 


SEC 
AOC 
AOC 
AOC 


, 
INH 
2 
IMM 
2 
OIR 
3 
EXT 
3 


I 
CLlINH 
2 
OA~MM 
: 
ORAnlR 
3 
ORA Xl 


AD?,.u~ 
} 
ADDr'lIR 


; 
JMPo,. 


BSAREL 
: 
JSR nlR 


lD~'.H,4 
: 
lOX niR 


, 
STX 


2 
DIR 
J 


, of Cycles 


Mnemonic 
Bytes 
• 


1~1 


SUB", 


CMPIX2 


SBC 
'x 


l1~n 


SUB", 


AND", 
AND" 


BIT,., 
BIT,. 


LOAlx, 


STA 


1lf7 


EOR 
ox 


LOA", 


STA 


" 
1 


EOR 


l1l1 
1 


AOe 
IXI 
, 


JSR 
ox 


LOX", 
, 
LOX 
ox 


STX 
• 
STX 
IXl 
1 
IX 


LOA 
ox 


STA" 


EOR 


• 


immediate 
addressing 
mode is used to access constants 


that 
do not 
change 
during 
program 
execution 
le.g., 
a 
constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct addressing 
mode, the effective 
address of 
the argument 
is contained 
in a single 
byte following 
the 


opcode 
byte. Direct addressing 
allows the user to directly 


address 
the 
lowest 
256 bytes 
in memory 
with 
a single 


two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 


of the argument 
is contained 
in the two bytes following 


the opcode 
byte. Instructions 
with 
extended 
addressing 


mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with 
a single three-byte 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the B- 


bit signed 
byte Ithe offset) following 
the opcode 
is added 


to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to 
-'-129 from 
the opcode 
address. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 


address 
of the argument 
is contained 
in the B-bit index 


register. 
Thus, this addressing 
mode can access the first 
256 memory 
locations. 
These instructions 
are only 
one 


byte 
long. 
This 
mode 
is often 
used to move 
a pointer 


through 
a table 
or to hold 
the address 
of a frequently 


referenced 
RAM or 1/0 location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
B-bit offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 


B-bit index 
register 
and the unsigned 
byte following 
the 


opcode. 
The addressing 
mode is useful for selecting 
the 


Kth element 
in an n element 
table. 
With 
this 
two-byte 


instruction, 
K would 
typically 
be in X with the address of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 


tables may begin anywhere 
within 
the first 256 address- 


able locations 
and could 
extend 
as far as location 
510 
1$1FE is the 
last location 
at which 
the 
instruction 
may 


begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 


B-bit index register and the two unsigned 
bytes following 


the opcode. 
This addressing 
mode can be used in a man- 


ner similar 
to indexed 
B-bit offset 
except that this three- 


byte instruction 
allows tables to be anywhere 
in memory. 


BIT SET/CLEAR 


In the bit set clear addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Thus, any read 
write 
bit in the first 
256 locations 
of memory, 
including 


10, can be selectively 
set or cleared 
with 
a single 
two- 


byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 


nation 
of direct addressing 
and relative 
addressing. 
The 


bit to be tested, and its condition 
Iset or clear), is included 
in the opcode. 
The address 
of the byte to be tested 
is in 
the single 
byte immediately 
following 
the opcode 
byte. 


The signed 
relative 
B-bit offset 
in the third 
byte is added 


to the PC if the specified 
bit is set or cleared 
in the spec- 


ified memory 
location. 
This single three-byte 
instruction 


allows 
the program 
to branch 
based on the condition 
of 
any readable 
bit in the first 256 locations 
of memory. 
The 
span of branching 
is from 
- 125 to + 130 from the opcode 


address. 
The state of the tested 
bit is also transferred 
to 


the carry bit of the condition 
code register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 


necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 


structions 
are one byte long. 
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For 
most 
applications. 
PPORT<PINT 
and 
can 
be ne- 


glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Darlington 
bases 
or sink 
LED loads. 


An 
approximate 
relationship 
between 
PD and 
TJ 
(if 
PPORT is neglected) 
is: 


PD=K+(TJ+273°C) 
(2) 
Solving 
equations 
(1) and 
(2) for 
K gives: 


K = PD' 
(TA + 273°C) + OJA,PD2 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K 
can be determined 
from 
equation 
(3) by measuring 
PD 
(at equilibrium) 
for 
a known 
TA' 
Using 
this 
value 
of K. 


the values 
of PD and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to +7.0 
V 


Input Voltage 
PCOin 
Vin 
V 
Self-Check Mode 
-0.3 
to +15.0 
All Other 
-0.3 
to +7.0 


Port A and C Source Current per Pin 
lout 
mA 


(One at a Timel 
10 


Operating Temperature 
Range 
TA 
"C 
MC68705S3S 
o to 70 
MC68705S3CS 
-40 
to +85 


Storage Temperature 
Range 
Tsto 
-55 
to + 150 
"C 


Junction Temperature 
TJ 
"C 
Cerdip 
175 


I 
Characteristic 
Symbol 
Value 
Unit 


I Thermal Resistance 
ijJA 
"ClW 
Cerdip 
60 


The 
average 
chip-junction 
temperature. 
TJ. in °c can 
be obtained 
from: 


TJ=TA+(PD'OJA) 
(1) 
where: 


TA 
°JA 


PD 
PINT 
PPORT 


= Ambient 
Temperature. 
°c 


= Package 
Thermal 
Resistance. 


Junction-to-Ambient. 
°CfW 


= PINT+PPORT 
= 'CC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Port Power 
Dissipation. 
Watts 
- 
User 
Determined 


VCC=4.75 
V 
TEST 
MM06150 
POINT 
OR EOUIV. 
1.3 kll 


40 pF 
12 kll 
MM07000 
(TOTAl) 
OR EOUIV. 


Figure 19. TTL Equivalent 
Test Load (Port B) 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however. it is advised 
that normal 
precautions 
be taken to avoid 
application 
of any voltage higher than max- 


imum-rated 
voltages to this high-impedance 
circuit. For proper operation. it is recom- 
mended the Vin and Vout be constrained 
to 


the range VSS '" (Vin or Vout) '" VCC. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g.• either VSS or VCC). 


TEST POINT 
~ I30 pF nOTAl) 


Figure 20. CMOS Equivalent 
Test Low (Port Al 
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ElECTRICAL 
CHARACTERISTICS 


(VCC= +5.25 Vdc ±0.5 Vdc, VSS~O Vdc, TA~TL 
to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


RESET Hysteresis Voltages 
1.3 
- 
2.0 
V 


"Out 01 Reset" 
VIRES+ 
1.5 
- 
2.5 


"I nto Reset" 
VIRES- 
0.8 
- 
1.8 


Standby Supply Voltage «I VCC~ 0 V 
VSTBY 
40 
- 
VCC+0.7 
V 


Standby Current (VSTBy=4.0 
V) 
ISTBY 
- 
1.0 
5.0 
mA 


Power Dissipation - 
No Port Loading 
PD 
mW 
(VCC=5.75 V, TA=O·C) 
- 
800 
1006 


(VCC=5.75 V, TA= -40·C) 
- 
925 
1092 


Low Voltage Recover 
VLVR 
- 
- 
4.75 
V 


Low Voltage Inhibit 
VLVI 
- 
3.75 
- 
V 


Input Current 
lin 
IJ.A 


INT 
(Vin = 2.4 V to VCC) 
- 
20 
50 


EXTAL 


(Vin = 2.4 V to VCC Crystal Option) 
- 
- 
10 


(Vin = 0.4 V Crystal Option) 
- 
- 
-1600 
RESET 


(Vin = 5.75 V) 
- 
2500 
3800 


PROGRAMMING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 


(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=20· 
to 30·C, unless otherWise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
Vpp 
20.0 
21.0 
22.0 
V 


VPP Supply Current 
Ipp 
mA 
Vpp=21.0 
V 
- 
- 
30 


Programming 
Oscillator Frequency 
10SCD 
0.9 
1.0 
1.1 
MHz 


Bootstrap 
Programming 
Mode Voltage 
VIHTP 
9.0 
12.0 
15.0 
V 


(PCOPin) 
«<IIIHTP= 100 IJ.AMax) 


~ 


VCC=4.75V 


1.36 kll 


TEST 
POINT l' 30 pF nOTAL) 


Figure 
21. TTL Equivalent 
Test 
Load 
(Ports 
A and C) 
Figure 
22. Open-Drain 
Equivalent 


Test 
Load 
(PB1. PB2. and 
PB3) 
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SWITCHING 
CHARACTERISTICS 


(VCC = + 5.25 
Vdc 
± 0.5 Vdc, 
VSS = a Vdc, 
TA = TL to THl. 
unless 
otherwise 
noted) 


Characteristic 
SVmbol 
Min 
TVp 
Max 
Unit 


Oscillator 
Frequency 
losc 
0.4 
- 
4.2 
MHz 


Cycle 
time 
(4/losc) 
tcvc 
0.95 
- 
10 
fls 


INT, 
INT2, 
and 
TIMER 
Pulse 
Width 
tWL,tWH 
tcyc + 250 
- 
- 
ns 


RESET 
Pulse 
Width 
tRWL 


RESET 
Delay 
Time 
(External 
Capacitance 
~ 1 flF) 
tRHL 
- 
100 
- 
ns 


INT Zero-Crossing 
Detection 
Input 
Frequencv 
liNT 
kHz 


(lor 
± 5 
Accuracv) 
0.03 
- 
1 


External 
Clock 
Input 
DutV 
Cvcle 
(EXTAL) 
- 
40 
50 
60 
% 


Oscillator 
Startup 
Time 
Crvstal 
tsu 
- 
- 
100 
ms 


SPICL 
High 
Time 
tSPICLH 
4 
- 
- 
tcvc 


SPICL 
Low 
Time 
tSPICHL 
4 
- 
- 
tcvc 


SPICL 
Rise 
and 
Fall Time 
tsr. 
tSI 
- 
- 
1 
fls 


SPID 
Input 
Data 
Setup 
Time 
tSDS 
2 
- 
- 
tcvc 


S?ID 
Input 
Data 
Hold 
Time 
tSDH 
2 
- 
- 
tcvc 


SPieL 
to SPISS 
Lag Time 
tSStG 
4 
- 
- 
tcvc 


SPISS 
to Sl'lCL 
Lead 
Time 
tSSLD 
4 
- 
- 
tcvc 


Start 
Bit to First 
Clock 
Lead 
Time 
tSTL 
1 
- 
- 
tcvc 


External 
Timer 
Input 
to Timer 
Change 
Time 
tpCT 
3 
- 
- 
tcvc 


Timer 
Change 
to Port 
B Toggle 
Time 
lTPB 
2 
- 
- 
tcvc 


INT2 
to Timer 
A Load 
Time 
tlNTL 
3 
- 
- 
tcvc 


AID CONVERTER 
CHARACTERISTICS 


(VCC = + 5.25 Vdc 
± 0.5 Vdc, 
VSS = a Vdc, 
TA = TL to TH' 
unless 
otherwise 
noted) 


Characteristic 
Min 
TVp 
Max 
Unit 
Comments 


Resolution 
8 
8 
8 
Bits 


Non-Linearity* 
- 
- 
± 1/2 
LSB 
After 
removing 
zero-offset 
and lull-scale 
errors 


Quantizing 
Error 
- 
- 
± 1/2 
LSB 


Conversion 
Range 
VCC 
V 
AID accuracV 
maV decrease 
proportionately 
as 


VRH 
- 
- 
0.2 
VRH-VRL 
is reduced 
below 
4.0 V. The 
sum 
01 


VRL 
VSS 
- 
VRH 
and 
VRL 
must 
not 
exceed 
VCC 


Conversion 
Time 
30 
30 
30 
tcvc 
Includes 
sampling 
time 


Monotonicity 
(Inherent 
within 
total 
error) 


Sample 
Time 
5 
5 
5 
tcvc 


Sample/Hold 
Capacitance, 
Input 
- 
- 
25 
pF 


Analog 
Input 
Voltage 
VRL 
- 
VRH 
V 
Transients 
on any 
analog 
lines 
are not allowed 


at any 
time 
during 
sampling 
or accuracy 
maV 
be degraded 
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PORT ELECTRICAL CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=TL 
to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
I 
Unit 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad ~ - 200 fl.A 
VOH 
2.4 
8 
- 
V 


Darlington 
Current Drive (Source)", VO= 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC+0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
fl.A 


Port C and Port A 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = - 100 fl.A 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC +0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
fl.A 


Port 0 (Digital Inputs Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC+ 0.7 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input 
Current"" 
lin 
- 
<1 
10 
fl.A 


"Not applicable 
if programmed 
to open-drain 
state. 
""PD4NRL 
- 
PD5NRH· 


The AID conversion 
resistor (15 kll typical) is connected internally 
between these two lines, impacting 
their use as digital 
inputs 


in some 
applications. 


The following 
table 
provides 
generic 
information 
pertaining 
to the package 
type, temperature, 
and Me order 
numbers 
for the 
MC68705S3. 


Package Type 
Temperature 
Order Number 


Cerdip 
O'C to 70'C 
MC68705S3S 
(S Suffix) 
- 40'C to + 85'C 
MC68705S3CS 
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VSS 
1. 
28 
NUM 


PRESCALERl/PCO 
27 
EXTAL 


PRESCALER2/PCl 
26 
XTAL 


VST8y/AN411NT2/PD6 
4 
25 
TN'i'1 


VRH/PD5 
5 
24 
VDD 


VRL/PD4 
6 
23 
RESETlVpp 


AN3/PD3 
7 
22 
PA7 


AN2/PD2 
8 
21 
PA6 


AN1/PDl 
9 
20 
PA5 


ANO/PDO 
10 
19 
PM 
I 


SPISS/PBO 
11 
PA3 


SPICL/PBl 
12 
PA2 


SPID/PB2 
13 
PAl 


SPID/PB3 
14 
PAO 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit EPROM Microcontroller Unit 


I 


The MC68705U3 
(HMOS) 
Microcontroller 
Unit (MCU) is an EPROM member 
of the MC6805 Family 
of microcontrollers. 
The user programmable 
EPROM allows 
program 
changes 
and lower 
volume 
applications. 
This low cost MCU has parallel 
I 0 capability 
with 
pins programmable 
as input 
or out- 


put. This publication 
contains 
condensed 
information 
on the MCU; for detailed 
information, 
refer to 
M6805 
HMOS, 
M146805 
CMOS 
Family 
User's 
Manual 
(M6805UM(AD2!) 
or contact 
your 
local Moto- 
rola sales office. 
Refer to the block diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit 
Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
1/0 


• 
Versatile 
Interrupt 
Handling 


• 
Bit Manipulation 


• 
Bit Test and Branch 
Instruction 


• 
Vectored 
Interrupts 


• 
Bootstrap 
Program 
in ROM 


• 
112 Bytes of RAM 


• 
3776 Bytes of EPROM 


• 
24 I 0 Pins 


PAO 
PAl 


POri 
PA2 


A 
PA3 


110 
PM 


Lones 
PAS 
PA6 
PAl 


PBO 
PBI 


Poll 
PB2 
B 
PB3 


"0 
PB4 


Lines 
PBS 
PB6 
PBI 


Condlllon 
Code 


AeglS1Cr 
CC 


3116 •.8 


EPROM 
I 
, 
BOOISH.IV 


ROM 


Program 


Counter 


High 
PCH 


Program 


Counter 
low 
peL 
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VCC AND 
VSS 


Power 
is supplied 
to the 
microcontroller 
using 
these 
two 
pins. 
VCC is + 5.25 volts 
(± O.5t.) power, 
and VSS is 
ground. 


Vpp 


This 
pin 
is used 
when 
programming 
the 
EPROM. 
In 
normal 
operation, 
this 
pin is connected 
to VCc. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 
plying 
on external 
interrupt 
to the 
MCU. 
Refer to INTER- 
RUPTS 
for 
more 
detailed 
information 


EXTAL,XTAL 


These 
pins 
provide 
control 
input 
for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 


nation, 
or an external 
signal 
(depending 
on mask option 
register 
setting) 
is connected 
to these 
pins 
to provide 
a 
system 
clock. 


c, 
-G'tJ- 


EXTAl 
S 
XTAL 


5 
Co 
6 


AT 
- 
CuI 
Parallel 
Resonance 
Crystal 
Co=7pFMall 
Freq, =4.0 
MHz 
@ CL = 24 pF 


AS=50 
ohms 
Max 


PiezoelectriC 
ceramic 
resonators 
which 
have the equivalent 
Speclftcatlons 
may be 
used 
Instead 
of crystal 
oscillators 
Follow 
ceramic 
resonator 
manufacturer's 
sug- 


gestions 
lor Co. Cl, 
and AS values 


External 
Clock 
Input 


MCU 
5 
EXTAl 
ICrystalOption, 


See Note 
1} 


RC Oscillator 


With this option, 
a resistor 
is connected 
to the oscillator 


pins 
as shown 
in Figure 
1. The 
relationship 
between 
R 
and fosc 
is shown 
in Figure 
2. 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using 
a crystal. 
The crystal 
and 
components 
should 
be 
mounted 
as close 
as possible 
to the 
input 
pins 
to mini- 
mize output 
distortion 
and startup 
stabilization 
time. 
Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VCC 
specifications. 


External 
Clock 


An external 
clock should 
be applied 
to the EXTAL input 
with 
the XTAL 
input 
connected 
to VSS, as shown 
in Fig- 
ure 
1. This 
option 
may 
only 
be used 
with 
the 
crystal 


oscillator 
option 
selected 
in the 
mask 
option 
register. 


TIMER 


This 
pin 
is used 
as an 
external 
input 
to 
control 
the 


internal 
timer/counter 
circuitry. 
This 
pin 
also 
detects 
a 


MCU 
5 
EXT AL 
(Crystal 
Option, 


See Note 
1l 


MCU 


EXTAL 
lAC 
Option, 


See Note 
1) 


MCU 
5 
EXTAL 
lAC 
Option. 
No 
See Note 
1) 


Connection 


Approximately 
25% 
to 50% 
Accuracy 
TYPlcal1cyc= 
1 251ls 


Ex:ternal 
Jumper 


ApprOlomate1y 
10% 
to 25% 
Accuracy 


(Excludes 
Resistor 
Tolerance) 
El(lernal 
Resistor 


NOTES: 
1. For the MC68705U3 MaR b7 = 0 for the crystal option 
and MaR b7 = 1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap 
EPROM programming 
mode), the crystal option is forced. When the TIMER input is at or below 
VCC, the clock generator 
option is determined 
by bit 7 of the mask option register (ClK). 
2. The recommended 
Cl value with a 4.0 MHz crystal is 27 pF maximum, 
including 
system distributed 
capacitance. There is an 
internal capacitance of approximately 
25 pF on the XTAl 
pin. For crystal frequencies 
other than 4 MHz, the total capacitance on 


each pin should be scaled as the inverse of the frequency 
ratio. For example, with a 2 MHz crystal, use approximately 
50 pF on 
EXTAl 
and approximately 
25 pF on XTAL. The exact value depends on the motional-arm 
parameters 
of the crystal used. 
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80 


70 


i 
60 
~ 
g 50 
~ 
g 40 
~ 


(; 30 
~ 20 
:i!0 
10 


00 


Figure 
2. Typical 
Frequency 
ys Resistance 
for 
RC Oscillator 
Option 
Only 


higher 
voltage 
level 
used 
to 
initiate 
the 
bootstrap 
pro- 
gram. 


data 
direction 
register 
(OOR). 
Port 
0 is input 
only. 
The 
port 
110 programming 
is accomplished 
by 
writing 
the 
corresponding 
bit in the port OOR to a logic one for output 
and 
a logic 
zero 
for 
input. 
On 
reset, 
all the 
OORs are 
initialized 
to a logic zero state to put the ports 
in the input 
mode. 
The 
port 
output 
registers 
are 
not 
initialized 
on 
reset 
and 
should 
be written 
to 
before 
setting 
the 
OOR 
bits. 


When 
programmed 
as outputs, 
the latched 
output 
data 
is readable 
as input 
data 
regardless 
of the logic 
levels 
at 
the output 
pin due to output 
loading. 
The latched 
output 
data 
bit may 
always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port OOR 
is set to input. 
This 
port 
write 
may 
be used 
to initialize 
the data registers 
and avoid 
undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since 
the 
data 
read 
corresponds 
to the 
pin 
level 
if the 
DDR is an input 
(zero) and, also, corresponds 
to the latched 
output 
when 
the 
OOR is an output 
(one). 
Refer to Table 
1 for 110 functions 
and to Figure 
3 for typical 
port circuitry. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 
pullup. 
The MCU can be reset 
by pulling 
RESET low. 


INPUTIOUTPUT 
UNES 
(PAO-PA7, PBO-PB7, PCo-PC7, PDO- 
PD7) 


These 
32 lines are arranged 
into four 
B-bit ports 
(A, B, 
C, and 
D). Ports A, B, and C are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data 
di- 
rection 
registers. 
Port D is a fixed 
in~ort. 
Port D bit 6 
may be used for a second 
interrupt 
(INT2). 
Refer to PRO- 
GRAMMING 
for additional 
information. 


INPUTIOUTPUT 
PROGRAMMING 


Port A, B, and C pins are programmable 
as either 
input 
or output 
under 
software 
control 
of the 
corresponding 


NOTE 
Read-modify-write 
instructions 
should 
not be used 
when 
writing 
to the 
OORs, because 
DORs always 
read as 'one'. 


Data 
Latched 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 


1 
0 
0 
0 
1 
1 
1 
1 
0 
X 
Hi-Z*· 
Pin 


"Ports 
Band 
C are three-state 
ports. Port A has an internal 
pullup devices to provide CMOS data drive capability. 


Figure 
3. Typical 
Port 
1/0 Circuitry 
and 
Register 
Configuration 
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The MCU is capable 
of addressing 
4096 bytes of mem- 


ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The locations 
consist 
of user EPROM, bootstrap 
ROM, 


user RAM, a mask option 
register 
(MOR). a program 
con- 


trol 
register, 
and 
I/O. The interrupt 
vectors 
are located 


from 
$FF8 to $FFF. The bootstrap 
is a mask-programmed 


ROM that allows 
the MCU to program 
its own 
EPROM. 


The stack area is used during 
processing 
of an interrupt 


or subroutine 
call to save the CPU state. The stack pointer 


decrements 
during 
pushes and increments 
during 
pulls. 


Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using the stack area for data storage or temporary 
work 


locations 
requires 
care to 
prevent 
it from 
being 
over- 


written 
due to stacking 
from 
an interrupt 
or subroutine 
call. 


The MCU contains 
the 
registers 
described 
in the fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
8-bit 
register 


used to hold 
operands 
and 
results 
of arithmetic 
calcu- 


lations 
or data manipulations. 


7 
I 
A 


INDEX REGISTER (Xl 


The index 
register 
is an 8-bit 
register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 
may be added to an 8- or 16- bit immediate 
value to create 
an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


7 
I 
x 


PROGRAM 
COUNTER 
(PCI 


The program 
counter 
is a 12-bit register 
that contains 
the address 
of the next byte to be fetched. 


11 
8 
7 
0 


PCH 
I 
PCl 
I 


STACK POINTER (SPI 


The stack pointer 
is a 12-bit register 
that contains 
the 
address 
of the next free location 
on the stack. During 
an 
MCU 
reset or the 
reset stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 


is then decremented 
as data is pushed onto the stack and 


incremented 
as data is pulled 
from 
the stack. 


The seven most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. 
Subroutines 
and interrupts 


may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 


mum). 
which 
allows 
the 
programmer 
to use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowedl. 


11 
5 4 
0 


~I 
SP 
I 


7 
6 
5 
4 
3 
2 
I 
0 
r 


$()(X) 
$000 
I/O 
Ports 
Timer 
Port A Data Register 


Page Zero 
and 
Port B Data RegIster 
$001 


Access 
W,th 
RAM 


Short 
127 
1128 
Bytes) 
Port C Data Register 
$002 


Instruct10ns 
128 
Page Zero 
Port 0 Data Register 
SOO3 


User 
EPROM 
255 
_l.!...28!yt~ 
PortA 
DDR- 
$004 


256 
Port BOOR· 
$005 


Port C oOR" 
$006 


User 
Main 
NOl Used 
$007 


EPROM 
T,mer Data RegIster 
SOO6 
13640 
Bytes) 
T.mer Control 
Register 
SOO9 


10 
MIscellaneous 
Register 
$OOA 


3896 
----- 


3896 
Mask 
Option 
Register 
Program 
Control 
Register 
$OOa 


3897 
Not Used 
Not Used 
$OOC·$OOF 
3967 
3968 
cotstrap 
$010 


ROM 


4Ql7 
1120Bytes) 
$FF7 


RAM 


--"!§ 


$FF8 


(112 Bytes) 
TImer 
Interrupt 
----- 


$FF9 
SFFA 
EXI8fnallnterrupt 
Stack 
----- 


$FFB 
131 Bytes 
MaXimum) 
Vectors 
4092 
SFFC 
SWI 


$FFD 
4093 
- - - -- 
4OB4 
$FFE 
4095 
RESET 
$FFF 


S07F 


• 
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CONDITION 
CODE REGISTER (CC) 


The condition 
code register 
is a 5-bit register 
in which 


four bits are used to indicate the results of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program, 
and specific 
actions 
can be taken as a result of 


their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 


4 
0 


~ 


Half Carry (HI 


This bit is set during 
ADD and ADC operations 
to in- 


dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, or data manipulation 
was negative 
(bit 


7 in the result 
is a logic 1). 


Zero (Zl 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
(C) 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit (ALU) occurred 
during 
the 


last arithmetic 
operation. 
This bit is also affected 
during 
bit test and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


The MCU can be reset two 
ways: 
by initial 
power-up 
and by the external 
reset input (RESETI. The RESET input 


consists 
mainly 
of a Schmitt 
trigger 
that senses the line 
logic level. 


POWER-ON-RESET 
(POR) 


An internal 
reset is generated 
on power-up 
that allows 
the internal 
clock 
generator 
to stabilize. 
The 
power-on 
reset is used strictly 
for power 
turn-on 
voltatge. 
A delay 


of tRHL milliseconds 
is required 
before 
allowing 
RESET 
input 
to go high. 
Connecting 
a capacitor 
to the 
RESET 


input 
(Figure 5) typically 
provides 
sufficient 
delay. 


EXTERNAL RESET INPUT 


The MCU is reset when 
a logic zero is applied 
to the 


RESET input for a period 
longer 
than one machine 
cycle 


(tcyel. Under this type of reset, the Schmitt trigger switches 
off at VIRES _ to provide 
an internal 
reset voltage. 


The MCU can be interrupted 
four 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with 
the 


internal 
timer 
interrupt 
request, 
(31 using 
the software 
interrupt 
instruction 
(SWI), or (4) the external 
Port D (lNT2) 
input 
pin. 
Interrupts 
cause the processor 
registers 
to be saved on 
the stack 
and the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 


ister contents 
to be recovered 
from 
the stack after which 


normal 
processing 
resumes. 
The stacking 
order is shown 
in Figure _6_.__ 


Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted 
but are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


1 
I 
1 
I 
1 
I 
Condition 
Code Register 


Accumulator 


Index Register 


1 
I 
1 I 
1 I 
1 
I 
PCH" 


PCL" 


n+ 
1 j 
n+2 


n+3 


n+4 


n+5 
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The current 
instruction 
is considered 
to be the one 


already 
fetched 
and being operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardward 
interrupts 
and, if unmasked 
(I bit clear), 
proceeds 
with 
interrupt 
processing; 
other- 
wise, the next instruction 
iffetched 
and executed. 
Masked 
interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 
timer 
interrupt 
status bit is cleared before unmasking 
the 
interrupt, 
then the interrupt 
is not latched. 


If both 
an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 
7 for the reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


If the time 
mask bit (TCR6) is cleared, 
then, each time 
the timer decrements 
to zero (transitions 
from $01 to $00), 


an interrupt 
request 
is generated. 
The actual 
processor 
interrupt 
is generated 
only if the interrupt 
mask bit of the 


1.1 (in CCI 


07F. SP 
O.DDRs 
ClR INT logic 
FF. Timer 
TCR6.1 
TCR7.0 


condition 
code register 
(CCR) is also cleared. 
When 
the 


interrupt 
is recognized, 
the current 
state of the machine 


is pushed 
onto the stack and the I bit in the CCR is set, 


masking 
further 
interrupts 
until the present 
one is serv- 


iced. The contents 
of the timer 
interrupt 
vector, 
contain- 


ing the location 
of the timer 
interrupt 
service 
routine, 
is 
then loaded 
into the program 
counter. 
At the end of the 
timer 
interrupt 
service routine, 
the software 
normally 
ex- 
ecutes an RTI instruction 
which restores the machine state 
and starts executing 
the interrupted 
program. 
The timer 


interrupt 
status bit can only 
be cleared 
by software. 


EXTERNAL 
INTERRUPT 


The external 
interrupt 
is intern1!!!Y synchronized 
and 
then latched on the falling 
edge of INT and INT2. Clearing 
the I bit enables the external 
interrupt. 
The INT2 interrupt 
has an interrupt 
request 
bit (bit 7) and a~sk 
bit (bit 6) 


in the miscellaneous 
register 
(MR). The INT2 interrupt 
is 3 


inhibited 
when 
the mask 
bit is set. The~2 
is always 


read as a digital 
input 
on port 
D, The INT2 and timer 
interrupt 
request 
bits, if set, cause the MCU to process 


an interrupt 
when 
the condition 
code I bit is clear. The 


Load PC From. 
SWI" 
FFClFFD 
INT' 
FFA/FFB 


Timer 
or 


INT2 
FF8/FF9 
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following 
pdragraphs 
describe 
two 
typical 
external 
in- 
terrupt 
circuits. 


Zero-Crossing 
Interrupt 


A sinusoidal 
input signal 
(fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 8a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and, thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With this type of circuit 
(Figure 8bl. the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
freque~ 
of a 
signal 
that 
can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH· 


Refer to TIMER for additional 
information. 


SOFTWARE 
INTERRUPT (SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. The SWI 
execution 
is similar 
to the hardware 
interrupts. 


The MCU has two 
modes 
of operations: 
normal 
and 
bootstrap. 
The following 
paragraphs 
describe 
these 
modes. 


NORMAL 
MODE 


This mode 
is a single-chip 
mode 
and is entered 
if the 
following 
conditions 
are met: 
(1) the RESET line is low, 
(2) the 
PCO pin 
is within 
its normal 
operational 
range, 


and (3) the V...e£..Q!!1is connected 
to VSS. The next rising 
edge of the RESET pin then causes the part to enter the 
normal 
mode. 


BOOTSTRAP 


The bootstrap 
mode is entered if the TIMER pin is equal 
to + 12 V. For more information 
refer to application 
note, 


ac 
ICurrenl 
Input 
. 


IfINT Max.,~,m,,,ngl 
] 
iN't 


Rs1 
MO 
ac Input:s 
A 
0.1-1.0 


10 Vac pop 
.F 


MC68705P3/R31U3 
8-Bit 
EPROM 
Microcomputer 
Pro- 


gramming 
Modu/e 
(AN-857ID 
Rev. 2). 


The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit software 
programmable 
pres- 
caler. The various 
timer 
sources 
are made via the timer 
control 
register 
(TCR) and/or 
the 
mask 
option 
register 
(MOR). The 8-bit counter 
may be loaded 
under 
program 


control 
and is decremented 
toward 
zero. When the timer 
reaches zero, the timer 
interrupt 
request 
bit (bit 7) in the 
timer 
control 
register 
(TCR) is set. Refer to Figure 
9 for 
timer 
block diagram. 
The timer 
interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 6) in the TCR. When the 
I bit in the condition 
code register 
is cleared and the TCR 
bit 6 is cleared, 
the processor 
receives the interrupt. 
The 
MCU responds 
to this interrupt 
by (1) saving the present 
CPU state on the stack, 
(2) fetching 
the timer 
interrupt 
vector, 
and (3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request 
bit must 
be cleared 
by software. 
Refer 
to RESETS and INTERRUPTS 
for additional 
information. 


The prescaler 
is a 7-bit divider 
which 
is used to extend 
the maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 
a logic 
one; 
however, 
the TCR bit 3 always 
reads as a 
logic zero to ensure 
proper 
operation 
with 
read-modify- 
write 
instructions. 
The timer continues 
to count past zero, falling 
from $00 
through 
$FF, and continues 
the countdown. 
The counter 


can be read at any time by reading 
the timer 
data register 
(TOR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 
turbing 
the counting 
process. 
The TOR is unaffected 
by 
reset. 


SOFTWARE 
CONTROLLED 
MODE 


This mode 
is selected 
when 
TOPT (bit 6) in the MaR 
is programmed 
to zero. The timer 
prescaler 
input can be 
configured 
for 
three 
different 
operating 
modes 
plus 
a 
disable 
mode, 
depending 
on the value 
written 
to TCR 
control 
bits 4 and 5 (TIE and TIN). The following 
para- 
graphs 
describe 
the different 
modes. 


lbl Dig~.'-Sign.' Interrupt 


Vcc 


TTL 
Level 
DIgital 


Input 
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3:0-l0 
:=0 
~ 
T,mer 
3: 
Set 
s:: 
("j 
Pm 
(') 


Co) 
:= 
CJ) 
a, 
0 
7-B,t Prescaler 
Select 


(1) 
.•..• 
~ 
~ 
l-ol-B 
0 
:= 
U'I 
0 
C 
n 
Co) 
m 
3 
Ul 
Internal 
Ul0 
~2 
:= 
Clock 
C 
Ilosc+41 
» 
-l» 


T,mer Data Reg'ster 
!TORI 
B-B,t Counter 


tplN - Prescaler Input 
Frequency 


tCIN - Counter 
Input 
Frequency 


T,mer Control 
Reg,ster B,ts 


TIR - T,mer Interrupt 
Request 
Status 


TIM -- Timer Interrupt 
Mask 


TIN- 
T,mer Input 
Select 
TIE - Timer E.ternal 
Input 
Enable 


PSC - Prescaler Clear 
PS2. PS1. PSO- 
Prescaler Select 


Mask opllon 
Register 
Bits: 


ClK - Clock Oscillator 
Type 


TOPT - Timer Mask/Programmable 
Option 


ClS - Timer Clock Source 
(TIE) -lTimer 
External Input 
Enable) 
SNM - Secure/Non-Secure 
Mode Option 
P2. Pl. 
PO- Prescaler Option 
• 


• 


When 
TIE and TIN are both 
programmed 
to zero, the 
timer 
input is from the internal 
clock (phase two) and the 
timer 
input 
pin is disabled. 
The internal 
clock mode 
can 
be used for 
periodic 
interrupt 
generation 
as well 
as a 
reference 
for frequency 
and event 
measurement. 


Timer 
Input 
Mode 
2 


When 
TIE = 1 and TIN = 0, the 
internal 
clock 
and the 
timer 
input 
signals 
are ANDed 
to form 
the timer 
input. 


This mode can be used to measure external 
pulse widths. 


The active high, external 
pulse gates in the internal 
clock 
for the duration 
of the external 
pulse. 
The accuracy 
of 
the count 
is ± 1. 


Timer 
Input 
Mode 
3 


When TIE = 0 and TIN = 1, no prescaler 
input frequency 
is applied 
to the prescaler 
and the timer 
is disabled. 


Timer 
Input 
Mode 4 


When TIE and TIN are both one, the timer 
input is from 
the external 
clock. The external 
clock can be used to count 
external 
events 
as well 
as to 
provide 
an external 
fre- 
quency 
for generating 
periodic 
interrupts. 
Frequency 
of 
external 
input 
must be '" fosc/8. 


MOR CONTROLLED 
MODE 


This 
mode 
is selected 
when 
TOPT (bit 6) in the MOR 
is programmed 
to logic 
one. The timer 
circuits 
are the 
same as described 
in SOFlWARE 
CONTROLLED 
MODE. 


The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during 
EPROM programming 
by the same bits in the MOR. 


Therefore, 
bits 0, 1,2, and 5 in the MOR control 
the pres- 
caler division 
and the timer clock selection. 
TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when 
in the 
MOR controlled 
mode. 
TIM 
(bit 
6) and TIR (bit 7) are 
controlled 
by the counter 
and software. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register 
that controls 
various 
functions 
such as configuring 
operation 
mode, 
setting 
ratio of the 
prescaler, 
and generating 
timer 
interrupt 
request 
signal. 


All bits are read/write 
except 
bit 3. The configuration 
of 
the TCR is determined 
by the TOPT (bit 6) in the MOR. 
When TOPT = 1, the TCR emulates 
the MC6805U2; 
when 
TOPT=O, 
the TCR is controlled 
by software. 


Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 
1= Set when the timer 
data register 
changes 
to all 
zeros 
0= Cleared 
by external 
reset, 
power-on 
reset, 
or 
under 
program 
control 
TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt 
1 = Interrupt 
inhibited 
0= Interrupt 
enabled 
TIN - 
External 
or Internal 
Selects 
input clock source 
1 = External 
clock selected 
0= Internal 
clock selected 
(fosc/4) 
TIE - 
TIMER External 
Enable 
Used to enable external 
TIMER pin. When TOPT= 
1, 


TIE is always 
a logical 
"one". 
1= Enables external 
timer 
pin 
0= Disables 
external 
timer 
pin 
PSC - 
Prescaler 
Clear 
Write 
only 
bit. Writing 
a one to this 
bit 
resets 
the 
prescaler 
to zero. A read of this 
location 
always 
in- 
dicates 
a zero when 
TOPT=O. 
When 
TOPT= 
1, this 
bit will 
read a logical 
"one" 
and has no effect on the 
prescaler. 


PS2, PS1, PSO- 
Prescaler 
Clear 
Decoded 
to select one of eight 
outputs 
of the pres- 
caler 


PS2 
PSt 
PSO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


NOTES 


When 
changing 
the PS bits in software, 
the PSC 
bit should 
be written 
to a "one" 
in the same write 
cycle to clear the prescaler. 
Changing 
the 
PS bits 
without 
clearing 
the prescaler 
may cause prescaler 
truncation. 


MASK 
OPTION REGISTER (MOR) $F38 


The MOR is implemented 
in EPROM. This register 
con- 


tains 
all zeros prior 
to programming 
and is not affected 
by reset. 
The MOR bits 
are described 
in the following 
paragraphs. 


CLK - 
Clock (oscillator 
type) 
1 = Resistor 
Capacitor 
(RC) 
0= Crystal 
'The value of corresponding bits in MOR is written during RESETrising 
edge. These bits always read ·one·. 
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TOPT - 
Timer 
Option 
1 = MC6805U2 
type 
timer/prescaler. 
All bits except 
6 and 
7, of the 
TCR are invisible 
to the 
user. 


Bits 
5, 2, 1, and 
0 of the 
MOR 
determine 
the 
equivalent 
MC6805U2 
mask 
options. 


O=AII 
TCR bits are implemented 
as a software 
pro- 
grammable 
timer. 
The state 
of MOR 
bits 
5, 4, 
2, 1, and 
0 sets 
the 
initial 
values 
of their 
re- 
spective 
TCR bits. 


ClS 
- 
Timer/Prescaler 
Clock 
Source 
1 = External 
TIMER 
pin 
0= Internal 
clock 
Bit 4 
Not 
used 
if TOPT = 1. Sets the 
initial 
value 
of TIE in 
the TCR if TOPT = O. 


1 =Not 
used 
O=Sets 
initial 
value 
of TIE in the TCR 
Bit 3 
Not used 
P2, Pl, 
PO 
The logical 
levels 
of these 
bits, when 
decoded, 
select 
one of eight 
outputs 
on the timer 
prescaler. 


Prescaler 


P2 
P1 
PO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


PROGRAMMING 
CONTROL 
REGISTER 
(PCR) $OOB 


The 
PCR is an 8-bit 
register 
which 
provides 
the 
nec- 
essary 
control 
bits to program 
the EPROM. The bootstrap 
program 
manipulates 
the PCR when 
programming 
so the 
user 
need 
not 
be concerned 
with 
PCR in most 
applica- 


tions. 


7 


1 


RESET: 


U 


PlE 
- 
Programming 
latch 
Enable 
Controls 
address 
and 
data 
being 
latched 
into 
the 
EPROM. 
Set during 
reset, 
but 
may 
be cleared 
any- 
time. 


1 = Read EPROM 
0= latch 
address 
and data 
on EPROM 
PGE - 
Program 
Enable 
Enables 
programming 
of EPROM. 
Must 
be set when 
changing 
the address 
and data. 
Set during 
reset. 


1 = Inhibit 
EPROM 
programming 
__ 
O=Enable 
EPROM 
programming 
(if PlE 
is low) 
VPON 
- 
Vpp 
On 
A read-only 
bit that 
indicates 
high volta-MEt 
the '{E£ 
pin. 
When 
set to 
"one", 
disconnects 
PGE and 
PlE 
from 
the chip. 


1 = No high 
voltage 
on Vpp 
pin 
0= High 
voltage 
on Vpp 
pin 


NOTE 


VPON being 
"zero" 
does not indicate 
that the Vpp 
level 
is correct 
for 
programming. 
It is used 
as a 
safety 
interlock 
for the user in the normal 
operating 
mode. 


VPON 
PGE 
PLE 
Programming 
Conditions 


0 
0 
0 
Programming 
mode 
(program 
EPROM byte) 


1 
0 
0 
PGE and PLE disabled from 
system 


0 
1 
0 
Programming 
disabled 
(latch 
address and data in EPROM) 


1 
1 
0 
PGE and PLE disabled from 
system 


0 
0 
1 
Invalid state; PGE~O if PLE=O 


1 
0 
1 
Invalid state; PGE~O if PLE=O 


0 
1 
1 
··High voltage" 
on Vpp 


1 
1 
1 
PGE and PLE disabled from 
system (operating 
model 


ERASING 
THE EPROM 


The EPROM 
can be erased 
by exposure 
to high-inten- 


sity ultraviolet 
(UV) light 
with 
a wavelength 
of 2537 angs- 


troms. 
The recommended 
integrated 
dose 
(UV intensity 


x 
exposure 
time) 
is 25Ws/cm2. 
The 
lamps 
should 
be 
used 
without 
software 
filters, 
and 
the 
MCU 
should 
be 
positioned 
about 
one inch from 
the UV tubes. 
Ultraviolet 
erasure 
clears 
all bits 
of the 
MCU 
EPROM 
to the 
"zero" 
state. 
Data then 
can be entered 
by programming 
"ones" 


into the desired 
bit locations. 


PROGRAMMING 


The 
MCU 
bootstrap 
program 
can be used to program 
the MCU EPROM. 
The alternate 
vectoring 
used to imple- 
ment 
the self check is used to start execution 
of the boot- 
strap 
program. 


A MCM2532 
UV 
EPROM 
(other 
industry 
standard 
EPROMs 
may 
be used) 
must 
first 
be programmed 
with 
the same information 
that is to be transferred 
to the MCU 
EPROM. 
Refer to application 
note, 
MC68705P31R31U3 
8- 
bit 
EPROM 
Microcomputer 
Programming 
Module 
(AN- 
857/0 Rev.2) for schematic 
diagrams 
and instructions 
on 
programming 
the 
MCU 
EPROM. 


EMULATION 


The 
MC68705U3 
emulates 
the 
MC6805U2 
and 
MC6805U3 
"exactly". 
The 
MC6805U2 
and 
MC6805U3 
mask 
features 
are implemented 
in the 
mask 
option 
reg- 
ister 
EPROM 
byte. 
The following 
identify 
the few 
minor 
exceptions 
to the exactness 
of the emulation. 
1. The 
MC6805U2 
"future 
ROM" 
areas 
are 
imple- 


mented 
in the 
MC68705U3 
and 
these 
1728 
bytes 


• 
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must 
be left unprogrammed 
to accurately 
simulate 
the MC6805U2. 


2. The reserved 
ROM areas have different 
data stored 
in them. 
In the MC6805U2 
this area is used for self 
check, and in the MC68705U3 
this area is used for 
the bootstrap 
program. 
3. The MC6805U2 
reads all ones in the 48 byte "future 
RAM" 
area. This 
area is not 
implemented 
on the 
MC6805U2/U3 
mask 
ROM 
version 
but 
is 
imple- 
mented 
on the MC68705U3. 
4. The MC68705U3 
Vpp (pin 7) line is tied to VCC dur- 
ing 
normal 
operations. 
On MC6805U2, 
this 
pin 
is 
grounded 
during 
normal 
operations, 
and 
on 
the 
MC6805U3, 
this pin is not connected. 


The MCU has a set of 59 basic instructions 
which 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these 
instructions 
use two operands. 
One op- 
erand is either the accumulator 
or the index register. 
The 
other operand 
is obtained 
from 
memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) instructions 
have no register 
operand. 
Refer to the following 
instruction 
listing. 


Function 
Mnemonic 


load A from Memory 
lDA 


load X from Memory 
lDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 
ister, modify 
or test its contents, 
and write 
the modified 
value 
back to 
memory 
or to the 
register. 
The test 
for 
negative 
or zero (TST) instruction 
is an exception 
to the 


read-modify-write 
sequence 
since it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
ClR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate left Thru Carry 
ROl 


Rotate Right Thru Carry 
ROR 


logical Shift left 
lSl 


logical 
Shift Right 
lSR 


Arithmetic Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 
tion is met; otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions, 
Refer to the 
fol- 
lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if lower or Same 
BlS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Samel 
(BHSI 


Branch if Carry Set 
BCS 


(Branch if lower) 
(BlO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPl 


Branch if Minus 
BMI 


Branch if Interrupt Mask Bit is Clear 
BMC 


Branch if Interrupt Mask Bit is Set 
BMS 


Branch if Interrupt line is low 
Bll 


Branch if Interrupt line is High 
BIH 


Branch to Subroutine 
BSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides in the first 256 bytes ofthe 
memory 
space where 
all port registers, 
port DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside, 
An additional 
feature 
allows 
the soft- 
ware 
to test 
and 
branch 
on the state 
of any 
bit within 
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these 
256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For test 
and 
branch 
instructions, 
the value 
of 
the bittested 
is also placed 
in the carry bit of the condition 
code 
register. 
Refer to the following 
list for 
bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O ... 
7) 


Branch if Bit n is Clear 
BRCLR n (n=O ... 
7) 


Set Bit n 
- 
BSET n (n = 0 ... 
7) 


Clear Bit n 
I 
BCLR n (n = 0 ... 
7) 


CONTROL 
INSTRUCTlONS 


These 
instructions 
are 
register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 


gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software 
Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


OPCODE 
MAP 
SUMMARY 


Table 
3 is an opcode 
map for the instructions 
used on 
the 
MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data tables, 
code 
con- 


version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single-byte 
instructions, 
while 
the longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and 
long absolute 
addressing 
is also included. 
Two-byte 
direct- 
addressing 
instructions 
access 
all data bytes 
in most 
ap- 
plications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach 
all memory. 
The term 
"effective 
address" 
(EA) is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access 
constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct 
addressing 
allows 
the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the two 
bytes 
following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode 
are capable 
of reflirencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 


RELATIVE 


The 
relative 
addressing 
mode 
is only 
used 
in branch 
instructions. 
In relative 
addressing, 
the contents 
of the B- 
bit signed 
byte (the offset) 
following 
the opcode 
is added 
to the 
PC if, and only 
if, the 
branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next 
instruction. 
The 
span 
of relative 
addressing 
is from 
-126 
to + 129 from 
the opcode 
address. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the B-bit 
index 
register. 
Thus, 
this 
addressing 
mode 
can access the first 
256 memory 
locations. 
These 
instructions 
are only 
one 
byte 
long. 
This 
mode 
is often 
used 
to 
move 
a pointer 
through 
a table 
or to 
hold 
the 
address 
of a frequently 
referenced 
RAM 
or I/O location. 


INDEXED, 
a-BIT OFFSET 


In the 
indexed, 
B-bit 
offset 
addressing 
mode, 
the 
ef- 
fective 
address 
is the sum of the contents 
of the unsigned 
B-bit 
index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode 
is useful 
for selecting 
the 
Kth 
element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with 
the address 
of 
the 
beginning 
of the 
table 
in the 
instruction. 
As such, 


tables 
may 
begin 
anywhere 
within 
the first 
256 address- 
able 
locations 
and 
could 
extend 
as far 
as location 
510 
($1 FE is the 
last 
location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the 
indexed, 
16-bit 
offset 
addressing 
mode, 
the 
ef- 


fective 
address 
is the sum ofthe 
contents 
of the unsigned 
B-bit index 
register 
and the two 
unsigned 
bytes following 
the opcode. 
This addressing 
mode 
can be used in a man- 
ner similar 
to indexed, 
B-bit offset 
except 
that this three- 
byte il)struction 
allows 
tables 
to be anywhere 
in memory. 


• 
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BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode. 
The byte following 
the 
opcode specifies the direct addressing 
of the byte to which 
the specified 
bit is to be set or cleared. 
Thus, any read/ 


write 
bit in the first 
256 locations 
of memory, 
including 
I/O, can be selectively 
set or cleared 
with 
a single 
two- 


byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 


nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit to be tested, and its condition 
(set or clear), is included 
in the opcode. 
The address 
of the byte to be tested 
is in 
the single 
byte 
immediately 
following 
the opcode 
byte. 


The signed 
relative 
8-bit offset 
in the third 
byte is added 
to the PC if the specified 
bit is set or cleared 
in the spec- 


ified memory 
location. 
This single three-byte 
instruction 
allows 
the program 
to branch 
based on the condition 
of 
any readable 
bit in the first 256 locations 
of memory. 
The 
span of branching 
is from 
- 125 to + 130 from the opcode 
address. 
The state of the tested 
bit is also transferred 
to 
the carry bit of the condition 
code register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index 
register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 


structions 
are one byte long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to +7.0 
V 


Input Voltage 
V 
EPROM Programming 
Voltage 
(Vpp Pin) 
Vpp 
- 0.3 to + 22.0 
TIMER Pin - 
Normal Mode 
Vin 
-0.3 
to +7.0 
TIMER Pin - 
Bootstrap 
Programming 
Mode 
Vin 
-0.3 
to + 15.0 
All Others 
Vin 
-0.3 
to + 7.0 


Operating Temperature 
Range 
TA 
TL to TH 
·C 


MC68705U3 
o to + 70 
MC68705U3C 
-40 
to +85 


Storage Temperature 
Range 
Tsta 
-55to 
+150 
·C 


Junction 
Temperature 
TJ 
·CiW 
Cerdip 
175 


These devices contain 
circuity 
to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that 
normal 
precautions 
be taken to 
avoid application 
of any voltage higher than 
maximum 
rated voltages to this high-imped- 


ance circuit. For proper operation, it is rec- 
ommended that Vin and Vout be constrained 
to the range VSS"'IVin 
and Vout)"'VCc- 
Re- 


liability 
of operation 
is enhanced 
if unused 
inputs except EXTAL are tied to an appro- 
priate logic voltage level (e.g., either VSS or 
VCC)· 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
Cerdip 
8JA 
60 
·CiW 


The average 
Chip-junction 
temperature, 
Tj, 
in ·C can 
be obtained 
from: 


Tj=TA+(PD 
0 OJA) 
(1) 
where: 


TA 
°jA 


PD 
PINT 
PPORT 


= Ambient 
Temperature, 
·C 


= Package Thermal 
Resistance, 
junction-to-Ambient, 
·CIW 


= PINT+PPORT 
= ICCxVCC' 
Watts - 
Chip Internal 
Power 
= Port Power 
Dissipation, 
Watts - 
User Determined 


For most 
applications 
PPORT<PINT 
and 
can 
be ne- 


glected. 
PPORT may become 
significant 
if the device 
is 
configured 
to drive 
Darlington 
bases or sink LED loads. 
An approximate 
relationship 
between 
PD and 
Tj 
(if 
PPORT is neglected) 
is: 
PD = K -;-(Tj + 273·C) 
(2) 
Solving 
equations 
(1) and (2) for K gives: 


K = PD 0 (TA + 273·C) + OjAOPD2 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. K 
can be determined 
from 
equation 
(3) by measuring 
PD 
(at equilibrium) 
for a known 
TA- Using 
this 
value 
of K, 


the values of PD and Tj can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA 
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PROGRAMMING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 
(VDD ~ 5.25 Vdc ± 0.5%, VSS = 0 Vdc, TA = 20 to 30·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
Vpp 
20.0 
21.0 
22.0 
V 


Vpp Supply Current 
Ipp 
mA 
Vpp=5.25 
V 
- 
- 
8 
Vpp=21.0 
V 
- 
- 
30 


Programming 
Oscillator 
Frequency 
fOSCD 
0.9 
1.0 
1.1 
MHz 


800tstrap 
Programming 
Mode Voltage 
VIHTP 
9.0 
12.0 
15.0 
V 
(TIMER Pinl @ IIHTP= 100 fLA Maximum 


ELECTRICAL 
CHARACTERISTICS 
(VCC= + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, TA = O·Cto 70·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
VIH 
V 
RESET (4.99 '" VCC '" 5.51) 
4.0 
- 
VCC 
(VCC < 4.75) 
VCC-0.5 
- 
VCC 


INT 4.99'" 
VCC '" 5.51) 
4.0 
** 
VCC 
(VCC < 4.75) 
VCC-0.5 
** 
VCC 
All Other 
2.0 
- 
VCC 


Input High Voltage (TIMER Pin) 
VIH 
V 
Timer Mode 
2.0 
- 
VCC+l.0 


Bootstrap 
Programming 
Mode 
9.0 
12.0 
15.0 


Input Low Voltage 
VIL 
V 
RESET 
VSS 
- 
0.8 
INT 
VSS 
** 
1.5 
All Other 
VSS 
- 
0.8 


Internal Power Dissipation 
(No Port Loading, VCC= 5.25 V 
TA=O·C 
PINT 
- 
520 
740 
mW 
for Steady-State Operation) 
TA~ -40·C 
- 
580 
800 


Input Capacitance 
Cin 
pF 
EXTAL 
- 
25 
- 
All Other 
- 
10 
- 


INT Zero-Crossing 
Input Voltage - 
Through a Capacitor 
VINT 
2.0 
- 
4.0 
Vac D-D 


RESET Hysteresis Voltage 
Out of Reset Voltage 
VIRES+ 
2.1 
- 
4.0 
.V 
Into Reset Voltage 
VIRES- 
0.8 
- 
2.0 


Programming 
Voltage (Vpp Pin) 
Vpp* 
V 
Programming 
EPROM 
20.0 
21.0 
22.0 
Operating 
Mode 
4.75 
VCC 
5.75 


Input Current 
~ 
TIMER (Vin = 0.4 VI 
- 
- 
20 
INT (Vin=0.4 
V) 
- 
20 
50 
EXTAL (Vin=2.4 
V to VCC Crystal Option) 
lin 
- 
- 
10 
__ 
(Vin=0.4 
V Crystal Option) 
- 
- 
-1600 
RESET (Vin = 0.8 V) 
IRES 
-4.0 
- 
-40 
(External Capacitor Changing Current) 


*Vpp (pin 7) is connected to VCC in the normal operating 
mode. 


**Due to internal biasing, this input (when not used) floats to approximately 
2.0 V. 
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SWITCHING 
CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 V, VSS=O Vdc, TA=O'C to 70'C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
losc 
MHz 
Normal 
0.4 
- 
4.2 


Instruction 
Cycle Time (41loscl 
tcvc 
0.950 
- 
10 
~s 


INT, INT2, or Timer Pulse Width 
twL, twH 
tcvc+250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc+250 
- 
- 
ns 


RESET Delay Time (External Cap ~ 1.0 ~F) 
tRHL 
100 
- 
- 
ms 


INT Zero Crossing Detection Input Frequency 
liNT 
0.03 
- 
1.0 
kHz 


External Clock Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 


Crystal Oscillator 
Start-Up Time 
- 
- 
- 
100 
ms 


PORT ELECTRICAL CHARACTERISTICS 
(VCC= + 5.25 Vdc ± 0.5 Vdc, VSS ~ 0 Vdc, TA = O· to 70'C, unless otherwise 
noted I 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Port A 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
~ 
VOH 
2.4 
- 
- 
V 


Output High Voltage,ILoad= 
-10 
~ 
VOH 
VCC-l.0 
- 
- 
V 


Input High Voltage, ILoad = - 300 ~A (Max) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad = - 500 ~A (Maxi 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to VCC) 
IIH 
- 
- 
-300 
~ 


Hi-Z State Input Current (Vin ~ 0.4 V) 
IlL 
- 
- 
-500 
~A 


Port B 


Output Low Voltage, ILoad=3.2 
mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad= 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad= -200 
~ 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source). Vo = 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITS1 
- 
<2 
10 
~A 


Port C 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad = -100 
~ 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
~A 


Port 0 (Input Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Current 
lin 
- 
<1 
5 
~A 
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MMD6150 
or Equiv. 


Test Point o---t- 
30 pF (Total) 


MMD7000 
or Equiv. 


Figure 10. TTl Equivalent 
Test Load 
(Port B) 
Figure 11. CMOS Equivalent 
Test Load 
(Port AI 


~:\;~'" 


T 
30 pF (Total) 


MMD6150 
or Equiv. 


MMD7000 
or Equiv. 


Figure 12. TTl Equivalent 
Test Load 


(Ports A and Cl 
Figure 13. Open-Drain 
Equivalent 
Test Load 
(Port Cl 


~VDD 
f 
PorI A CMOS 


kPullup 
Option 
I 
I 
I 
I 


TeSIPo~inl 
~ 


Vary V. 
Measure I 


± 
V 


Figure 17. I/O Characteristic 


Measurement 
Circuit 
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The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705U3. 


Package 
Type 
T empereture 
Order 
Number 


Cerdip 
O"to 70'C 
MC68705U3S 
S Suffix 
- 40' to + 85'C 
MC68705U3CS 


PIN ASSIGNMENTS 


Vss 
RITfi , 
:J'J 
PA6 


iNT 
:. 
•• 
PAS 


VCC 
• 
" 


PA. 


EXTAl , 
Jl> 
PA3 


XTAL 
b 
3'. 
PA2 


VPP 
I 
J4 
PAl 


TIMER " 
)J 
PAO 


PCO • 
31 
PB7 


PC' 
10 
3' 
PB6 


PC2 
11 
JO 
PBS 


PC3 
11 
:l'J 
PB' 


PC. 
13 
'" 


PB3 


PCS 
14 
1I 
PB2 


PC6 
J!) 
26 
PBl 


PC7 
16 
2!> 
PBO 


P07 
17 
2' 
PDO 


PD6I1Nl} 
16 
23 
POI 


POS 
19 
2' 
P02 


PO' 
20 
21 
po3 
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Technical Summary 
8-Bit EPROM Microcontroller Unit 


The MC68705U5 
(HMOS) 
Microcontroller 
Unit (MCU) is an EPROM member 
of the MC6805 Family 


of microcontrollers. 
The user programmable 
EPROM allows 
program 
changes 
and lower 
volume 
applications. 
This low cost MCU has parallel 
1/0 capability 
with 
pins programmable 
as input 
or out- 
put. This publication 
contains 
condensed 
information 
on the MCU; for detailed 
information, 
refer to 
M6805 
HMOS, 
M146805 
CMOS 
Family 
User's 
Manual 
(M6805UM(AD2)) 
or contact 
your 
local Moto- 
rola sales office. 
Refer to the block diagram 
for the hardware 
features 
and to the list below 
for additional 
features 
available 
on the MCU. 


• 
Internal 
8-Bit Timer 
with 
7-Bit 
Programmable 
Prescaler 


• 
On-chip 
Oscillator 


• 
Memory 
Mapped 
1/0 


• 
Versatile 
Interrupt 
Handling 


• 
Bit Manipulation 


• 
Bit Test and Branch Instruction 


• 
Vectored 
Interrupts 


• 
Bootstrap 
Program 
in ROM 


• 
3776 Bytes of EPROM 


• 
, '2 Bytes of RAM 


• 
24110 Pins 


• 
EPROM Security 
Feature 


PAa 
PDQ 


PAl 
Acnimuialor 
PDI 


Pon 
PA2 
8 
A 
CPU 
PD2 
Port 
PA3 
Dala 
PD3 
A 
DOl 
Indell. 
Control 
D 


110 
PA4 
Input 
PA5 
Reg 
Aeglslm 
LInes 
PA6 
8 
X 
lines 


PA7 
Condlhon 


Cooe 


5 
Reglsler 
CC 
PBa 
CPU 
pca 


PBl 
Slack 
PCI 


Pori 
PB2 
Drua 
POinter 
PC2 


B 
PB3 
5 
SP 
Data 
Port 


P84 
D•• 
Program 
DOl 
PC3 
C 
110 
Rl'l1 
PC4 
Lines 
PB5 
Counter 
Reg 
PC5 
110 


PB6 
H'gh 
PCH 
ALU 
PC6 
Lines 


PB7 
Program 
PC7 


3"776 x8 
COllnler 


EPROM 
8 
Low 
PCL 


1 
x 
112 x 8 


BOOlstrit~ 
RAM 


ROM 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-692 


Vcc AND Vss 


Power 
is supplied 
to the microcontroller 
using 
these 
two 
pins. Vee 
is + 5.25 volts (± O.5d) power, 
and VSS is 
ground. 


Vpp 


This 
pin 
is used when 
programming 
the 
EPROM. In 
normal 
operation, 
this pin is connected 
to Vee. 


INT 


This pin provides 
the capability 
for asynchronously 
ap- 


plying 
on external 
interrupt 
to the Meu. 
Refer to INTER- 
RUPTS for more 
detailed 
information. 


EXTAL,XTAL 


These pins provide 
control 
input for the on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a resistor/capacitor 
combi- 
nation, 
or an external 
signal 
(depending 
on mask option 
register 
setting) 
is connected 
to these 
pins to provide 
a 
system 
clock. 


RC Oscilletor 


With this option, 
a resistor is connected 
to the oscillator 
pins as shown 
in Figure 
1. The relationship 
between 
R 
and fosc is shown 
in Figure 2. 


c, 


EXTAlC' 
~XTAl 


5 
E-J 
6 


AT - 
Cut Parallel Resonance Crystal 


Co·7 pFMa. 
Freq.- 4.0 MHz@ Cl = 24 pF 
RS = 50 ohms Ma •. 


Piezoetectric 
ceramic 
resonators 
which 
have the equivalent 
specifications 
may be 
used instead of crystal 
oscillators. 
Follow 
ceramic 
resonator 
manufacturer's 
sug- 


gestionsfor Co.C,. and RSvalues. 


External 


Clock 
Input 


MCU 
(CrystalOption. 


SeeNote11 


Crystal 


The circuit 
shown 
in Figure 
1 is recommended 
when 
using 
a crystal. 
The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 
mize output 
distortion 
and startup stabilization 
time. Refer 
to ELECTRICAL SPECIFICATIONS 
for Vee specifications. 


External 
Clock 


An external 
clock should 
be applied to the EXTAL input 
with 
the XTAL input connected 
to VSS, as shown 
in Fig- 


ure 
1. This 
option 
may 
only 
be used with 
the 
crystal 
oscillator 
option 
selected 
in the mask option 
register. 


TIMER 


This 
pin 
is used 
as an external 
input 
to control 
the 
internal 
timer/counter 
circuitry. 
This 
pin 
also detects 
a 
higher 
voltage 
level 
used to initiate 
the 
bootstrap 
pro- 
gram. 


RESET 


This 
pin 
has a Schmitt 
trigger 
input 
and 
an on-chip 
pullup. 
The MeU can be reset by pulling 
RESET low. 


MCU 
EXTAl (CrystalOption. 


SeeNote11 


MCU 
IRCOption. 
SeeNote'l 


MCU 


5 EXTAl 
(RCOption. 
No 
SeeNote' 1 
Connection 


Approximately 
25% to 50% Accuracy 


TVpical 
{eye = 1.25 "s 
External Jumper 


ApprOXimately 
10% to 25% Accuracy 


IExcludes 
Resistor Tclerance) 
External 
Resistor 


NOTES: 


1. For the MC68705U5 MaR b7= 0 for the crystal option and MaR b7~ 1 for the RC option. When the TIMER input pin is in the 


VIHTP range (in the bootstrap EPROMprogramming model. the crystal option is forced. When the TIMER input is at or below 
VCC,the clock generator option is determined by bit 7 of the Mask Option Register (ClK). 


2. The recommended Cl value with a 4.0 MHz crystal is 27 pF maximum. including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAl pin. For crystal frequencies other than 4 MHz. the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example. with a 2 MHz crystal, use approximately 50 pF on 
EXTAl and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 
1. Oscillator 
Connections 
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When programmed 
as outputs, 
the latched output 
data 


is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers and avoid undefined 
outputs. 
Care must 
be exercised 
when 
using 
read-modify-write 
instructions 
since 
the 
data 
read corresponds 
to the 
pin 
level 
if the 
DDR is an input 
(zero) and, 
also, to the 
latched 
output 
when 
the DDR is an output 
(1). Refer to Table 
1 for I/O 
functions 
and to Figure 
3 for typical 
port circuitry. 


NOTE 


Read-modify-write 
instructions 
should 
not be used 
when 
writing 
to the DDR since 
DDRs always 
read 
as 'one'. 


7.0 


~ 60 
~ 
g 50 
"~!40 


~ 
3.0 


~ 
20 
o 


Data 
Latched 
Direction 
Output 
Input 
Register 
Data 
Output 
To 
Bit 
Bit 
State 
MCU 
, 
0 
0 
0 
, 
, 
, 
1 
0 
X 
Hi-Z** 
Pin 


"Ports 
Band 
C are three-state 
ports. 
Port A has an internal 
pullup 
devices 
to provide 
CMOS data drive capability. 


The MCU is capable 
of addressing 
4096 bytes of mem- 
ory and I/O registers. 
The memory 
map is shown 
in Figure 
4. The locations 
consist 
of user EPROM, bootstrap 
ROM, 
user RAM, a mask option 
register 
(MOR), a program 
con- 


trol 
register, 
and I/O. The interrupt 
vectors 
are located 
from $FF8 to $FFF. The bootstrap 
is a mask-programmed 
ROM that allows 
the MCU to program 
its own 
EPROM. 


The stack area is used during 
processing 
of an interrupt 
or subroutine 
call to save the CPU state. The stack pointer 


Figure 3. Typical 
Port I/O Circuitry 
and 
Register 
Configuration 


Figure 
2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


INPUT/OUTPUT 
LINES (PAO-PAl, PBG-PBl, PCO-PCl, PDO- 
POl) 


These 32 lines are arranged 
into four 8-bit ports 
(A, B, 


C, and D). Ports A. B, and C are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the data di- 
rection 
registers. 
Port D is a fixed 
input 
port 
and is not 
controlled 
by any data r~er. 
Port D bit 6 may be used 
for a second 
interrupt 
(INT2). Refer to PROGRAMMING 
for additional 
information. 


INPUT/OUTPUT 
PROGRAMMING 


Ports A. B, and C are programmable 
as either 
input 
or 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Port D is input 
only. 
The port 1/ 


o programming 
is accomplished 
by writing 
the 
corre- 
sponding 
bit in the 
port 
DDR to a logic 
one for output 
and 
a logic 
zero for 
input. 
On reset, 
all the 
DDRs are 
initialized 
to a logic zero state to put the ports in the input 
mode. 
The 
port 
output 
registers 
are not 
initialized 
on 
reset 
and should 
be written 
to before 
setting 
the 
DDR 
bits. 
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7 
0 
7 
6 
5 
4 
3 
2 
1 
0 
--r 


I/O 
Ports 
Timer 
1000 
Port A Data Register 
1000 


and 
Port 
B Data Register 
$001 
Acc:.sWIth 
RAM 
Short 
127 
1128 Bytes' 
Port C Data Regfst8r 
SOO2 


InstruetIOnS 
128 
age 
ero 
Port 0 Data Register 
SOO3 


User EPROM 


2!i6 
_ ~!.vt~ 
PortADDR· 
SOO4 


2!i6 
Port BOOR- 
SOO5 


PortCDDR· 
SOO5 
User 
Main 
Not Used 
$007 


EPROM 
Timer 
Data Register 
SOO6 


13640 Bytes) 


9 
Timer 
Control 
Register 
SOO9 


10 
Miscellaneous 
Register 
$OOA 


3895 ----- 
31196 
Mask 
Option 
Register 
Program 
Contr~ 
Register 
$OOB 


3llIl7 
Not Used 
Not Used 
$OOC-$OOF 
3967 
3966 
ootstrap 
$010 


ROM 
'-I~ 


1120 Bytes' 
$FF7 


RAM 
$FFa 
Timer 
Interrupt 
1112 Bytes) 
----- 


$FF9 


Extemallnterrupt 


$FFA 
Stack 
----- 
$FFB 
(31 Bytes 
Maximum) 
Vectors 
4092 
$FFC 


SWI 
$FFO 
4Ql3 
----- 
4aM 
$FFE 
4005 
RESET 
$FFF 


$07F 


-Caution: 
Oat8 direction 
regiSt8fS 
mORs) 
are write-only; 
they 
read as $FF. 


Figure 4. Memory 
Map 


decrements 
during 
pushes 
and increments 
during 
pulls. 
Refer to INTERRUPTS 
for additional 
information. 


NOTE 


Using 
the stack area for data storage 
or tempo- 
rary work 
locations 
requires 
care to prevent 
it from 
being overwritten 
due to stacking 
from 
an interrupt 
or subroutine 
call. 


The MCU contains 
the 
registers 
described 
in the fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(AI 


The 
accumulator 
is a general 
purpose 
8-bit 
register 
used to hold 
operands 
and 
results 
of arithmetic 
calcu- 
lations 
or data manipulations. 
7 
0 
I 
A 
I 


INDEX REGISTER (Xl 


The index 
register 
is an 8-bit 
register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 
may be added to an 8- or 16- bit immediate 
value to create 
an effective 
address. 
The index register 
may also be used 
as a temporary 
storage 
area. 
7 
0 
I 
X 
I 


PROGRAM COUNTER 
(PC) 


The program 
counter 
is a 12-bit register 
that contains 
the address 
of the next byte to be fetched. 


11 
87 
0 


I 
PCH 
I 
PCl 
I 


STACK POINTER (SP) 


The stack pointer 
is a 12-bit register 
that contains 
the 


address 
of the next free location 
on the stack. During 
an 
MCU reset 
or the 
reset stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set at location 
$07F. The stack pointer 
is then decremented 
as data is pushed 
onto the stack and 


incremented 
as data is pulled 
from 
the stack. 


The seven most-significant 
bits of the stack pointer 
are 
permanently 
set at 0000011. 
Subroutines 
and interrupts 
may 
be nested 
down 
to location 
$061 (31 bytes 
maxi- 
mum), 
which 
allows 
the 
programmer 
to 
use up to 
15 
levels of subroutine 
calls (less if interrupts 
are allowed). 


11 
5 
4 
0 


~ 
SP 
I 


CONDITION 
CODE REGISTER (CC) 


The condition 
code register 
is a 5-bit register 
in which 
four bits are used to indicate 
the results 
of the instruction 
just executed. 
These bits can be individually 
tested 
by a 
program, 
and specific 
actions 
can be taken as a result 
of 
their 
state. 
Each bit is explained 
in the following 
para- 
graphs. 
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4 
0 
[i[ililili] 


Half Carry (HI 


This 
bit is set during 
ADD and ADC operations 
to in- 


dicate that a carry 
occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an external 
interrupt 
occurs 
while 
this bit is set, the interrupt 
is latched and is processed 
as 
soon as the interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that the 
result 
of the last 
arithmetic, 
logical, or data manipulation 
was negative 
(bit 
7 in the result 
is a logic one). 


Zero (ZI 


When 
set, this 
bit indicates 
that the result 
of the 
last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
(C) 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the 
arithmetic 
logical 
unit 
(ALU) 
occured 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions, 
and during 
shifts 
and 
rotates. 


The MCU can be reset two 
ways: 
by initial 
power-up 
and by the external 
reset input (RESET). The RESET input 
consists 
mainly 
of a Schmitt 
trigger 
that senses the line 
logic 
level. 


POWER-ON-RESET 
(POR) 


An internal 
reset is generated 
on power-up 
that allows 
the 
internal 
clock 
generator 
to stabilize. 
The 
power-on 
reset is used strictly 
for power 
turn-on 
voltatge. 
A delay 
of tRHL milliseconds 
is required 
before 
allowing 
RESET 
input 
to go high. 
Connecting 
a capacitor 
to the 
RESET 
input 
(Figure 
5) typically 
provides 
sufficient 
delay. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic 
zero is applied 
to the 
RESET input 
for a period 
longer 
than one machine 
cycle 
(lcye!. Under this type of reset, the Schmitt trigger 
switches 
off at VIRES- to provide 
an internal 
reset voltage. 


The MCU can be interrupted 
four 
different 
ways: 
(1) 
through 
the external 
interrupt 
INT input 
pin, (2) with 
the 
internal 
timer 
interrupt 
request, 
(3) using 
the 
software 
interrupt 
instruction 
(SWI), or (4) the external 
Port 0 (lNT2) 
input 
pin. 
Interrupts 
cause the processor 
registers 
to be saved on 
the 
stack 
and the 
interrupt 
mask 
(I bit) 
set to 
prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from 
the stack after which 
normal 
processing 
resumes. 
The stacking 
order is shown 
in Figure 
6. 


Unlike 
RESET, hardware 
interrupts 
do 
not 
cause the 
current 
instruction 
execution 
to be halted 
but 
are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


NOTE 


The current 
instruction 
is considered 
to be the one 
already 
fetched 
and being 
operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks all pending 
hardward 
interrupts 
and, if unmasked 


1 I 
1 I 
1 I 
Condition 
Code Register 


Accumulator 


Index Register 


1 I 
1 I 
1 
I 
1 I 
PCH' 


PCl' 


n+l 1 
n+2 


n+3 


n+4 


n+5 


Push 


• For subroutine 
calls, only PCH and pel are stacked. 
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(I bit clear), 
proceeds 
with 
interrupt 
processing; 
other- 


wise, the next instruction 
if fetched and executed. 
Masked 


interrupts 
are latched 
for 
later 
interrupt 
service. 
If the 


timer 
interrupt 
status bit is cleared before unmasking 
the 


interrupt, 
then the interrupt 
is not latched. 
If both 
an external 
interrupt 
and a timer 
interrupt 
are 


pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other 
instruction 
regardless 
of the setting 
of the I bit. Refer to Figure 7 for the reset and interrupt 
instruction 
processing 
sequence. 


masking 
further 
interrupts 
until 
the present 
one is serv- 


iced. The contents 
of the timer 
interrupt 
vector, 
contain- 
ing the location 
of the timer 
interrupt 
service 
routine, 
is 


then loaded 
into the program 
counter. 
At the end of the 


timer 
interrupt 
service routine, 
the software 
normally 
ex- 


ecutes an RTI instruction 
which restores the machine state 
and starts executing 
the interrupted 
program. 
The timer 


interrupt 
status bit can only be cleared 
by software. 


EXTERNAL 
INTERRUPT 


The external 
interrupt 
is intern'!!!Y. synchronized 
and 
then latched on the falling 
edge of INT and INT2. Clearing 
the I bit enables the external 
interrupt. 
The INT2 interrupt 


has an interrupt 
request 
bit (bit 7) and a mask bit (bit 6) 


in the miscellaneous 
register 
(MR). The INT2 interrupt 
is 
inhibited 
when 
the mask bit is set. The INT2 is always 
read as a digital 
input 
on port 
D. The INT2 and timer 
interrupt 
request 
bits, if set, cause the MCU to process 
an interrupt 
when 
the condition 
code I bit is clear. The 


following 
paragraphs 
describe 
two 
typical 
external 
in- 


terrupt 
circuits. 


TIMER INTERRUPT 


If the time 
mask bit (TCR6) is cleared, 
then, each time 


the timer decrements 
to zero (transitions 
from $01 to $00), 


an interrupt 
request 
is generated. 
The actual 
processor 
interrupt 
is generated 
only if the interrupt 
mask bit of the 


condition 
code register 
ICCR) is also cleared. 
When the 
interrupt 
is recognized, 
the current 
state of the machine 


is pushed 
onto the stack and the I bit in the CCR is set, 


1.1 
(in CCl 


07F. SP 
O. DDRs 


CLR INT Logic 


FF. Timer 
TCR6.1 
TCR7.0 


Clear 
iNf 
Request 
Latch 


Load PC From: 
SWI: 
FFC/FFD 
INT: FFA/FFB 
Timer or 
INT2: 
FF8/FF9 


Load Options 
From 
MOR I$F381 Into 
Control 
Logic 
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Zero-Crossing 
Interrupt 


A sinusoidal 
input signal 
(fINT maximum) 
can be used 
to generate 
an external 
interrupt 
(see Figure 
8a) for use 
as a zero-crossing 
detector 
(for 
negative 
transitions 
of 
the ac sinusoid). 
This type of circuit 
allows 
applications 
such as servicing 
time-of-day 
routines 
and engaging/dis- 
engaging 
ac power 
control 
devices. 
Off-chip, 
full-wave 
rectification 
provides 
an interrupt 
at every zero crossing 
of the ac signal 
and, thereby, 
provides 
a 2f clock. 


Digital-Signal 
Interrupt 


With 
this type of circuit 
(Figure 8b), the INT pin can be 
driven 
by a digital 
signal. 
The maximum 
freque'"!9'.. of a 
signal 
that 
can be recognized 
by the TIMER or INT pin 
logic 
is dependent 
on the parameter 
labeled 
tWL, tWH· 


Refer to TIMER for additional 
information. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCA. The SWI 
execution 
is similar 
to the hardware 
interrupts. 


The MCU 
has two 
modes 
of operations: 
normal 
and 
bootstrap. 
The following 
paragraphs 
describe 
these 
modes. 


NORMAL 
MODE 


This mode 
is a single-chip 
mode 
and is entered 
if the 
following 
conditions 
are met: 
(1) the RESET line is low, 
(2) the 
PCO pin 
is within 
its normal 
operational 
range, 
and (3) the ~ 
is connected 
to VSS. The next rising 
edge of the RESET pin then causes the part to enter the 
normal 
mode. 


BOOTSTRAP 
MODE 


The bootstrap 
mode 
is entered 
if the TIMER pin = + 12 
V. Refer to application 
note, MC6805P3/R31U3 
8-8it EPROM 
Microcomputer 
Programming 
Modu/e 
(AN-857 
Rev.2). 


In~Cut 
ICurrenl 
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The MCU consists 
of an 8-bit software 
programmable 
counter 
driven 
by a 7-bit 
software 
programmable 
pres- 


caler. The various 
timer 
sources 
are made via the timer 
control 
register 
(TCR) and/or 
the 
mask 
option 
register 
(MOR). The 8-bit counter 
may be loaded 
under 
program 
control 
and is decremented 
toward 
zero. When the timer 
reaches zero, the timer 
interrupt 
request 
bit (bit 7) in the 
timer 
control 
register 
(TCR) is set. Refer to Figure 9 for 
timer 
block diagram. 


The timer 
interrupt 
can be masked (disabled) 
by setting 
the timer 
interrupt 
mask bit (bit 6) in the TCA. When the 
I bit in the condition 
code register 
is cleared 
and TCR bit 
6 is cleared, 
the 
processor 
receives 
the 
interrupt. 
The 
MCU responds 
to this interrupt 
by (1) saving 
the present 
CPU state 
on the 
stack, (2) fetching 
the timer 
interrupt 
vector, 
and (3) executing 
the interrupt 
routine. 
The timer 
interrupt 
request 
bit must be cleared 
by software. 
Refers 
to RESETS and INTERRUPTS 
for additional 
information. 
The prescaler 
is a 7-bit divider 
which 
is used to extend 
the 
maximum 
length 
of the timer. 
To avoid 
truncation 
errors, 
the prescaler 
is cleared 
when 
TCR bit 3 is set to 
a logic 
one; 
however, 
the TCR bit 3 always 
reads as a 
logic zero to ensure 
proper 
operation 
with 
read-modify- 
write 
instructions. 


The timer 
continues 
to count past zero, falling 
from $00 
through 
$FF, and continues 
the countdown. 
The counter 
can be read at any time by reading 
the timer 
data register 
(TDR). This allows 
a program 
to determine 
the length 
of 
time 
since 
a timer 
interrupt 
has occurred 
without 
dis- 
turbing 
the counting 
process. 
The TDR is unaffected 
by 
reset. 


SOFTWARE 
CONTROLLED 
MODE 


This mode 
is selected 
when 
TOPT (bit 6) in the MOR 
is programmed 
to zero. The timer 
prescaler 
input can be 
configured 
for 
three 
different 
operating 
modes 
plus 
a 
disable 
mode, 
depending 
on the 
value 
written 
to TCR 
control 
bits 4 and 5 (TIE and TIN). The following 
para- 
graphs 
describe 
the different 
modes. 
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Internal 


~2 
Clock 
Ifosc+41 


fplN - Prescaler Input Frequency 
fCIN - Counter 
Input 
Frequency 


Timer Data Register !TORI 


8- Bit Counter 


Timer Control 
Register Bits 


TIR - Timer Interrupt 
Request Status 


TIM - Timer Interrupt 
Mask 


TIN - Timer Input 
Select 
TIE - Timer External Input 
Enable 


PSC - Prescaler Clear 
PS2. PS1. PSO- Prescaler Select 


Mask Option 
Register 
Bits' 
CLK - Clock OSCillator Type 
TOPT - Timer 
Mask/Programmable 
Option 


CLS - Timer Clock Source 
(TIE) -ITimer 
External Input 
Enable) 


SNM - Secure/Non-Secure 
Mode Option 
P2. Pl. 
PO- Prescaler Option 


• 


Timer 
Input 
Mode 
1 


When 
TIE and TIN are both 
programmed 
to zero, the 


timer 
input 
is from 
the internal 
clock (phase two) and the 


timer 
input 
pin is disabled. 
The internal 
clock mode can 
be used 
for 
periodic 
interrupt 
generation 
as well 
as a 
reference 
for frequency 
and event 
measurement. 


Timer 
Input 
Mode 2 


When 
TIE = 1 and TIN = 0, the 
internal 
clock 
and the 


timer 
input 
signals 
are ANDed 
to form 
the timer 
input. 


This mode can be used to measure 
external 
pulse widths. 


The active high, external 
pulse gates in the internal 
clock 
for the 
duration 
of the external 
pulse. 
The accuracy 
of 
the count 
is ± 1. 


Timer 
Input 
Mode 
3 


When TIE =° and TIN = 1, no prescaler 
input frequency 


is applied 
to the prescaler 
and the timer 
is disabled. 


Timer 
Input 
Mode 
4 


When TIE and TIN are both one, the timer 
input is from 
the external 
clock. The external 
clock can be used to count 
external 
events 
as well 
as to 
provide 
an external 
fre- 


quency 
for generating 
periodic 
interrupts. 
Frequency 
of 
external 
input 
must 
be '" fosc/8. 


MOR CONTROLLED 
MODE 


This 
mode 
is selected 
when 
TOPT (bit 61 in the MOR 
is programmed 
to logic 
one. The timer 
circuits 
are the 


same as described 
in SOFTWARE 
CONTROLLED 
MODE. 


The logic levels of TCR bits 0, 1,2, and 5 are determined 
during 
EPROM programming 
by the same bits in the MOR. 
Therefore 
bits 0, 1, 2, and 5 in the MOR control 
the pres- 


caler division 
and the timer 
clock selection. 
TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when 
in the 
MOR 
controlled 
mode. 
TIM 
(bit 
6) and TIR (bit 
7) are 
controlled 
by the counter 
and software. 


TIMER CONTROL 
REGISTER (TCR) $009 


This is an 8-bit register 
that controls 
various 
functions 


such as configuring 
operation 
mode, 
setting 
ratio of the 


prescaler, 
and generating 
timer 
interrupt 
request 
signal. 


All bits are read/write 
except 
bit 3. The configuration 
of 
the TCR is determined 
by the TOPT (bit 61 in the 
MOR. 
When TOPT = 1, the TCR emulates 
the MC6805U2; 
when 
TOPT = 0, the TCR is controlled 
by software. 


TIR - 
Timer 
Interrupt 
Request 
Used to indicate 
the timer 
interrupt 
when 
it is logic 
one 
1 = Set when the timer 
data register 
changes 
to all 
zeros 


0= Cleared 
by external 
reset, 
power-on 
reset, 
or 
under 
program 
control 
TIM - 
Timer 
Interrupt 
Mask 
Used to inhibit 
the timer 
interrupt 
1= Interrupt 
inhibited 
0= Interrupt 
enabled 
TIN - 
External 
or Internal 
Selects 
input 
clock source 


1 = External 
clock selected 
0= Internal 
clock selected 
(fosc/4) 
TIE - 
TIMER External 
Enable 
Used to enable 
external 
TIMER pin. When 
TOPT = 1, 


TIE is always 
a logical 
"one". 


1 = Enables 
external 
timer 
pin 
0= Disables 
external 
timer 
pin 
PSC - 
Prescaler 
Clear 
Write 
only 
bit. Writing 
a 1 to this bit resets the pres- 
caler to zero. A read of this location 
always 
indicates 
a zero when 
TOPT = 0. When 
TOPT = 1, this 
bit will 


read a logical 
"one" 
and has no effect 
on the 
pres- 
caler. 


PS2, PS1, PSO- 
Prescaler 
Clear 
Decoded 
to select one of eight 
outputs 
of the pres- 
caler 


PS2 
PS1 
PSO 
Divide By 


a 
a 
a 
1 


a 
a 
1 
2 


a 
1 
a 
4 


a 
1 
1 
8 


1 
a 
a 
16 


1 
a 
1 
32 


1 
1 
a 
64 


1 
1 
1 
128 


NOTES 


When 
changing 
the PS bits in software, 
the PSC 
bit should 
be written 
to a "one" 
in the same write 


cycle to clear the 
prescaler. 
Changing 
the 
PS bits 
without 
clearing 
the prescaler 
may cause prescaler 
truncation. 


MASK 
OPTION REGISTER (MOR) $F38 


The MOR is implemented 
in EPROM. This register 
con- 
tains 
all zeros prior 
to programming 
and is not affected 
by reset. The 
MOR bits 
are described 
in the following 
paragraphs. 


CLK - 
Clock (oscillator 
type) 
1= Resistor 
Capacitor 
(RC) 
O=Crystal 


'The 
value 
of corresponding 
bits in MaR 
is written 
during 
RESET rising 
edge. These bits always 
read ·one'. 
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TOPT - 
Timer 
Option 
1 = MC6805U2 
type 
timer/prescaler. 
All bits except 
6 and 
7, of the 
TCR are invisible 
to the 
user. 


Bits 
5, 2, 1, and 
0 of the 
MOR 
determine 
the 
equivalent 
MC6805U2 
mask 
options. 


O=AII 
TCR bits are implemented 
as a software 
pro- 
grammable 
timer. 
The state 
of MOR 
bits 
5, 4, 
2, 1, and 
0 sets 
the 
initial 
values 
of their 
re- 
spective 
TCR bits. 


CLS - 
Timer/Prescaler 
Clock 
Source 
1 = External 
TIMER 
pin 
0= Internal 
clock 
Bit 4 
Not 
used 
if TOPT = 1. Sets the 
initial 
value 
of TIE in 
the TCR if TOPT = O. 


1 = Not used 
0= Sets initial 
value 
of TIE in the TCR 
SNM 
- 
Secure. 
Mode. 


1 = EPROM 
contents 
cannot 
be access 
externally 
0= EPROM 
not programmed 
P2, Pl, 
PO 
The logical 
levels 
of these 
bits, when 
decoded, 
select 
one of eight 
outputs 
on the timer 
prescaler. 


P2 
Pl 
PO 
Divide By 


0 
0 
0 
1 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
16 


1 
0 
1 
32 


1 
1 
0 
64 


1 
1 
1 
128 


PROGRAMMING 
CONTROL 
REGISTER 
(PCRI $OOB 


The 
PCR is an 8-bit 
register 
which 
provides 
the 
nec- 
essary 
control 
bits to program 
the EPROM. The bootstrap 
program 
manipulates 
the PCR when 
programming 
so the 
user 
need 
not 
be concerned 
with 
PCR in most 
applica- 


tions. 


PLE - 
Programming 
Latch 
Enabe 
Controls 
address 
and 
data 
being 
latched 
into 
the 
EPROM. 
Set during 
reset, 
but 
may 
be cleared 
any- 
time. 


1 = Read EPROM 
0= Latch 
address 
and data on EPROM 
PGE - 
Program 
Enable 
Enables 
programming 
of EPROM. 
Must 
be set when 
changing 
the address 
and data. 
Set during 
reset. 


1 = Inhibit 
EPROM 
programming 
0= Enable 
EPROM 
programming 
(if PLE is low) 


VPON -Vpp 
On 
A read-only 
bit that 
indicates 
high volta~t 
the lli 
pin. 
When 
set to 
"one", 
disconnects 
PGE and 
PLE 
from 
the chip. 


1 = No high 
voltage 
on Vpp 
pin 
0= High 
voltage 
on Vpp 
pin 


NOTE 


VPON being 
"zero" 
does not indicate 
that the Vpp 


level 
is correct 
for 
programming. 
It is used 
as a 
safety 
interlock 
for the user in the normal 
operating 
mode. 


VPON 
PGE 
PLE 
Programming 
Conditions 


0 
0 
0 
Programming 
mode 
(program 
EPROM byte) 


1 
0 
0 
PGE and PLE disabled from 
system 


0 
1 
0 
Programming 
disabled 
(latch 
address and data in EPROM) 


1 
1 
0 
PGE and PLE disabled from 
system 


0 
0 
1 
Invalid state; PGE= 0 if PLE= 0 


1 
0 
1 
Invalid state; PGE= 0 if PLE~ 0 


0 
1 
1 
"High voltage" 
on Vpp 


1 
1 
1 
PGE and PLE disabled from 
system (operating 
model 


ERASING 
THE EPROM 


The EPROM 
can be erased 
by exposure 
to high-inten- 
sity ultraviolet 
(UV) light 
with 
a wavelength 
of 2537 angs- 
troms. 
The recommended 
integrated 
dose 
(UV intensity 


x 
exposure 
time) 
is 25Ws/cm2. 
The 
lamps 
should 
be 
used 
without 
software 
filters 
and 
the 
MCU 
should 
be 
positioned 
about 
one inch from 
the UV tubes. 
Ultraviolet 
erasure 
clears 
all bits of the 
MCU 
EPROM 
to the 
"zero" 
state. 
Data then 
can be entered 
by programming 
"ones" 


into the desired 
bit locations. 


PROGRAMMING 


The MCU 
bootstrap 
program 
can be used to program 
the MCU EPROM. 
The alternate 
vectoring 
used to imple- 
ment the self check is used to start execution 
of the boot- 
strap 
program. 


A MCM2532 
UV EPROM 
(other 
industry 
standard 
EPROMs 
may 
be used) 
must 
first 
be programmed 
with 
the same information 
that is to be transferred 
to the MCU 
EPROM. 
The 
MC68705U5 
is programmed 
the 
same 
as 
the 
MC68705U3. 
Refer 
to application 
note, 
MC68705P31 


R31U3 8-bit 
EPROM 
Microcomputer 
Programming 
Mod- 
ule (AN-857 
Rev.2) for schematic 
diilgrams 
and 
instruc- 
tions 
on programming 
the 
MCU 
EPROM. 


EMULATION 


The 
MC68705U5 
emulates 
the 
MC6805U2 
and 
MC6805U3 
"exactly". 
The 
MC6805U2 
and 
MC6805U3 


II 
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mask 
features 
are implemented 
in the 
mask 
option 
reg- 
ister 
EPROM 
byte. 
The following 
identify 
the few 
minor 
exceptions 
to the exactness 
of the emulation. 


1. The 
MC6805U2 
"future 
ROM" 
areas 
are 
imple- 
mented 
in the 
MC68705U5 
and 
these 
1728 
bytes 
must 
be left unprogrammed 
to accurately 
simulate 
the MC6805U2. 


2. The reserved 
ROM areas 
have different 
data stored 
in them. 
In the 
MC6805U2 
this 
area is used for self 
check, 
and 
in the 
MC68705U5 
this 
area is used for 
the bootstrap 
program. 
3. The MC6805U2 
reads all ones in the 48 byte "futu 
re 
RAM" 
area. 
This 
area 
is not 
implemented 
on 
the 
MC6805U2/U3 
mask 
ROM 
version 
but 
is 
imple- 
mented 
on the 
MC68705U5. 


4. The MC68705U5 
Vpp (pin 7) line is tied to VCC dur- 
ing 
normal 
operations. 
On 
MC6805U2, 
this 
pin 
is 
grounded 
during 
normal 
operations; 
on 
the 
MC6805U3, 
this 
pin is not connected. 


The MCU 
has a set of 59 basic 
instructions 
which 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is either 
the accumulator 
or the index 
register. 
The 
other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) 
instructions 
have 
no 
register 
operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 
ister, 
modify 
or test 
its contents, 
and write 
the 
modified 
value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero 
(TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does 
not modify 
the 
value. 
Refer to the following 
listing 
of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (2's Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for 
branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


(Branch if Higher or Samel 
(BHS) 


Branch if Carry Set 
BCS 


(Branch if Lowerl 
(BLO) 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt 
Line is Low 
BIL 


Branch if Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 
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BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any bit which 
resides 
in the first 256 bytes 
of the memory 
space where 
all port registers, 
port DDRs, timer, 
timer 
control, 
and on- 
chip 
RAM 
reside. 
An additional 
feature 
allows 
the 
soft- 
ware 
to test 
and 
branch 
on the 
state 
of any 
bit within 
these 256 locations. 
The bit set, bit clear and bit test, and 
branch 
functions 
are all 
implemented 
with 
a single 
in- 
struction. 
For test 
and 
branch 
instructions, 
the value 
of 
the bit tested 
is also placed 
in the carry bit of the condition 
code 
register. 
Refer to the following 
list for 
bit manipu- 
lation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O ... 
7) 


Branch if Bit n is Clear 
BRClR n (n=O ... 
7) 


Set Bit n 
BSET n (n = 0 ... 
7) 


Clear Bit n 
BClR n (n = 0 ... 
7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
ClC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software 
Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
ASP 


No-Operation 
NOP 


OPCODE 
MAP 
SUMMARY 


Table 
2 is an opcode 
map for the instructions 
used on 
the 
MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 
vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data tables, 
code 
con- 
version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single-byte 
instructions, 
while 
the 
longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and 


long absolute 
addressing 
is also included. 
Two-byte 
direct- 
addressing 
instructions 
access 
all data bytes 
in most 
ap- 
plications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach 
all memory. 
The term 
"effective 
address" 
(EA) is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access 
constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct 
addressing 
allows 
the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 
• 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the two 
bytes 
following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode 
are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 


RELATIVE 


The 
relative 
addressing 
mode 
is only 
used 
in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed 
byte (the offset) 
following 
the opcode 
is added 
to the 
PC if, and only 
if, the 
branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next 
instruction. 
The 
span 
of relative 
addressing 
is from 
-126 
to + 129 from 
the opcode 
address. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset 
addressing 
mode, 
the effective 
address 
of the 
argument 
is contained 
in the 8-bit 
index 
register. 
Thus, 
this 
addressing 
mode 
can access the first 
256 memory 
locations. 
These 
instructions 
are only 
one 
byte 
long. 
This 
mode 
is often 
used 
to 
move 
a pointer 
through 
a table 
or to 
hold 
the 
address 
of a frequently 
referenced 
RAM 
or I/O location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
8-bit 
offset 
addressing 
mode, 
the 
ef- 
fective 
address 
is the sum of the contents 
of the unsigned 
8-bit 
index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode 
is useful 
for selecting 
the 
Kth 
element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with 
the address 
of 
the 
beginning 
of the 
table 
in the 
instruction. 
As such, 
tables 
may 
begin 
anywhere 
within 
the first 256 address- 
able 
locations 
and 
could 
extend 
as far 
as location 
510 
($1 FE is the 
last 
location 
at which 
the 
instruction 
may 
begin). 
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Inherent 
Immediate 
Direct 
Extended 
RoIeti.e 
Bit Set/Cloer 
Bit Test end Bronch 
Indexed 
INo Offset 1 


Indexed. 
1 Byte IB-Bitl 
Offset 


Indexed. 
2 Byte 116-Bill Offset 


, of Cycles 


Mnemonic 


Bytes 


INDEXED, 16·BIT OFFSET 


In the 
indexed, 
16-bit 
offset 
addressing 
mode, 
the 
ef- 
fective 
address 
is the sum of the contents 
of the unsigned 
8-bit 
index 
register 
and the two 
unsigned 
bytes following 
the opcode. 
This addressing 
mode 
can be used in a man- 
ner similar 
to indexed, 
8-bit 
offset 
except 
that this three- 
byte instruction 
allows 
tables 
to be anywhere 
in memory. 


BIT SET/CLEAR 


In the 
bit set/clear 
addressing 
mode, 
the 
bit to be set 
or cleared 
is part 
of the 
opcode. 
The byte following 
the 
opcode 
specifies 
the direct addressing 
of the byte to which 
the 
specified 
bit is to be set or cleared. 
Thus, 
any 
read/ 


write 
bit in the first 
256 locations 
of memory, 
including 
I/O, can be selectively 
set or cleared 
with 
a single 
two- 
byte 
instruction. 


BIT TEST AND BRANCH 


The 
bit test 
and 
branch 
addressing 
mode 
is a combi- 
nation 
of direct 
addressing 
and relative 
addressing. 
The 


bit to be tested, 
and its condition 
(set or clear). 
is included 
in the opcode. 
The address 
of the byte to be tested 
is in 
the 
single 
byte 
immediately 
following 
the 
opcode 
byte. 


The signed 
relative 
8-bit 
offset 
in the third 
byte 
is added 
to the PC if the specified 
bit is set or cleared 
in the spec- 
ified 
memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based 
on the condition 
of 
any readable 
bit in the first 256 locations 
of memory. 
The 
span of branching 
is from 
~ 125 to + 130 from 
the opcode 
address. 
The state 
of the tested 
bit is also transferred 
to 
the carry 
bit of the condition 
code 
register. 


In the 
inherent 
addressing 
mode, 
all the 
information 
necessary 
to execute 
the 
instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only 
the index 
register 
or 
accumulator 
as well 
as the 
control 
instruction 
with 
no 
other 
arguments 
are 
included 
in this 
mode. 
These 
in- 
structions 
are one byte 
long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
-0.3 
to + 7.0 
V 


Input Voltage 
V 
EPROM Programming 
Voltage 
IVpp Pinl 
Vpp 
- 0.3 to + 22.0 
TIMER Pin - 
Normal Mode 
Vin 
~0.3to+7.0 
TIMER Pin - 
Bootstrap 
Programming 
Mode 
Vin 
-0.3 
to + 15.0 
All Others 
Vin 
-0.3 
to + 7.0 


Operating Temperature 
Range 
TA 
TL to TH 
'c 
MC68705U5 
o to + 70 
MC68705U5C 
-40 
to +85 


Storage Temperature 
Range 
TstQ 
-55 
to + 150 
'c 


Junction Temperature 
TJ 
'CiW 
Cerdip 
175 


These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however. it is ad- 
vised that 
normal 
precautions 
be taken to 
avoid application 
of any voltage higher than 
maximum 
rated voltages to this high-imped- 
ance circuit. For proper operation, it is ree· 
om mended that Vin and Vout be constrained 
to the range VSS '" (Vin and Voutl 
'" VCe- 


Reliability of operation is enhanced if unused 
inputs 
except EXTAL are tied to an appro- 
priate logic voltage level (e.g., either VSS or 
Vcci. 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
6JA 
'CiW 
Cerdip 
60 


The 
average 
chip-junction 
temperature, 
TJ' in °C can 
be obtained 
from: 
TJ=TA+(PO'8JA) 
(11 
where: 
TA 
8JA 


Po 
PINT 
PPORT 


= Ambient 
Temperature, 
°c 


= Package 
Thermal 
Resistance, 
Junction-to-Ambient, 
°CIW 


= PINT+ 
PPORT 


= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 
= Port 
Power 
Oissipation, 


Watts 
- 
User 
Oetermined 


For 
most 
applications 
PPORT<PINT 
and 
can 
be 
ne- 
glected. 
PPORT may 
become 
significant 
if the 
device 
is 
configured 
to drive 
Oarlington 
bases 
or sink 
LEO loads. 
An 
approximate 
relationship 
between 
Po 
and 
TJ (if 
PPORT is neglected) 
is: 
PO=K~(TJ+273°C) 
(2) 
Solving 
equations 
(1) and 
(2) for K gives: 


K = Po • (TA + 273°C) + 8JA·P02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K 
can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA. Using 
this 
value 
of K, 
the values 
of Po and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA 
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PROGRAMMING 
OPERATION 
ELECTRICAL 
CHARACTERISTICS 
(VCC~5.25 Vdc ±0.5%, VSS=O Vdc, TA~20·C 
to 30·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Programming 
Voltage 
Vpp 
20.0 
21.0 
22.0 
V 


Vpp Supply Current 
Ipp 
mA 
Vpp=5.25 
V 
- 
- 
S 
Vpp=21.0 
V 
- 
- 
30 


Programming 
Oscillator Frequency 
fOSCD 
0.9 
1.0 
1.1 
MHz 


Bootstrap Programming 
Mode Voltage 
V,HTP 
9.0 
12.0 
15.0 
V 
(TIMER Pin) @ IIHTP~ 100,..A Maximum 


ELECTRICAL 
CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=O·C to 70·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input High Voltage 
V,H 
V 
RESET (4.99 '" VCC '" 5.51) 
4.0 
- 
VCC 


(VCC < 4.75) 
VCC-0.5 
- 
VCC 


INT (4.99'" 
VCC '" 5.51) 
4.0 
"" 
VCC 


(VCC < 4.751 
VCC-0.5 
"" 
VCC 


All Other 
2.0 
- 
VCC 


Input High Voltage (TIMER Pin) 
V,H 
V 
Timer Mode 
2.0 
- 
VCC+1.0 


Bootstrap 
Programming 
Mode 
9.0 
12.0 
15.0 


Input Low Voltage 
V,L 
V 
RESET 
VSS 
- 
O.S 


INT 
VSS 
"" 
1.5 


All Other 
VSS 
- 
O.S 


Internal Power Dissipation 
(No Port Loading, VCC~ 5.25 V 
TA~O·C 
PINT 
- 
520 
740 
mW 
for Steady-State Operation 
TA=4S·C 
- 
5S0 
SOO 


Input Capacitance 
Cin 
pF 
XTAL 
- 
25 
- 


All Other 
- 
10 
- 


INT Zero-Crossing 
Input Voltage - 
Through a Capacitor 
V,NT 
2.0 
- 
4.0 
Vac D-D 


RESET Hysteresis Voltage 
V 
Out of Reset Voltage 
V,RES+ 
2.1 
- 
4.0 


Into Reset Voltage 
VIRES- 
0.8 
- 
2.0 


Programming 
Voltage (Vpp Pin) 
Vpp" 
V 
Programming 
EPROM 
20.0 
21.0 
22.0 


Operating 
Mode 
4.75 
VCC 
5.75 


Input Current 
fLA 
TIMER (Vin=0.4 
V) 
- 
- 
20 
INT (Vin~0.4 
V) 
- 
20 
50 


EXTAL (Vin = 2.4 V to VCC Crystal Option) 
lin 
- 
- 
10 
(Vin ~ 0.4 V Crystal Option) 
- 
- 
-1600 


RESET (Vin = O.SV) 
'RES 
-4.0 
- 
-40 


(External Capacitor Changing Current) 


"Vpp (pin 7) is connected to VCC in the normal operating 
mode. 


""Due to internal biasing, this input (when not used) floats to approximately 
2.0 V. 
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SWITCHING 
CHARACTERISTICS 
(VCC= +5.25 Vdc ±0.5 Vdc, VSS=O Vdc, TA=O·C to 70·C, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Oscillator 
Frequency 
lose 
MHz 
Normal 
0.4 
- 
4.2 


Instruction 
Cycle Time (4Ifoscl 
tcvc 
0.950 
- 
10 
fLS 


INT, INT2, or Timer Pulse Width 
twL,tWH 
tcvc+250 
- 
- 
ns 


RESET Pulse Width 
tRWL 
tcvc+250 
- 
- 
ns 


RESET Delay Time (External Cap = 1.0 fLF) 
tRHL 
100 
- 
- 
ms 


INT Zero-Crossing 
Detection Input Frequency 
liNT 
0.03 
- 
1.0 
kHz 


External Clock Duty Cycle (EXTAL) 
- 
40 
50 
60 
% 


Crystal Oscillator Start-Up Time 
- 
- 
- 
100 
ms 


PORT ELECTRICAL CHARACTERISTICS 
(VCC= + 5.25 Vdc ± 0.5 Vdc, VSS = 0 Vdc, TA = O· to 70·C, unless otherwise 
noted) 


Characteristic 
Symbol 
I 
Min 
Typ 
I 
Max 
Unit 


Port A 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad= -100 
~ 
VOH 
2.4 
- 
- 
V 


Output High Voltage, ILoad~ -10 
~ 
VOH 
VCC-l.0 
- 
- 
V 


Input High Voltage, ILoad= -300 
~ 
(Max) 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage, ILoad = - 500 ~ 
(Max) 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current (Vin = 2.0 V to VCC) 
IIH 
- 
- 
-300 
fLA 


Hi-Z State Input Current (Vin = 0.4 V) 
IlL 
- 
- 
-500 
~ 


Port B 


Output Low Voltage, ILoad = 3.2 mA 
VOL 
- 
- 
0.4 
V 


Output Low Voltage, ILoad = 10 mA (Sink) 
VOL 
- 
- 
1.0 
V 


Output High Voltage, ILoad= -200 
~ 
VOH 
2.4 
- 
- 
V 


Darlington 
Current Drive (Source), Vo ~ 1.5 V 
IOH 
-1.0 
- 
-10 
mA 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
fLA 


Port C 


Output Low Voltage, ILoad = 1.6 mA 
VOL 
- 
- 
0.4 
V 


Output High Voltage, ILoad= -100 
~ 
VOH 
2.4 
- 
- 
V 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Hi-Z State Input Current 
ITSI 
- 
<2 
10 
fLA 


Port 0 (Input Only) 


Input High Voltage 
VIH 
2.0 
- 
VCC 
V 


Input Low Voltage 
VIL 
VSS 
- 
0.8 
V 


Input Current 
lin 
- 
<1 
5 
~ 
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MMD6150 
or Equiv. 
t"'" 
10,." 


Figure 11. CMOS Equivalent 
Test Load 
(Port Al 


~:~;~'" 
T 
30 pF (Total) 


Figure 10. TIL Equivalent 
Test Load 
(Port B) 


MMD6150 
or Equiv. 


Figure 13. Open-Drain 
Equivalent 
Test Load 
(Port C) 
Figure 12. TIL Equivalent 
Test Load 
(Ports A and C) 
r 
DD 


f 
PortACMOS 


••• 
PuHup 
OptIon 
I 


Figure 17. 1/0 Characteristic 
Measurement 
Circuit 
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PCl 
10 


PC2 
11 


PC3 
12 


PC4 
13 


PC5 
14 


PC6 


PCl 


PDl 


PD6/IN'fi 


PD5 


PQ4 


J'J 
PA6 


.'" 
PA5 


3/ 
PM 


36 
PA3 


3, 
PA2 


PAl 


PAO 


PBl 
• 


PB6 


PB5 


PB4 


PB3 


PB2 


PBl 


PBO 


PDO 


POl 


PD2 


PD3 


The following 
table 
provides 
generic 
information 
pertaining 
to the package 
type, temperature, 
and MC order 
numbers 
for the 
MC68705U5. 


Package Type 
Temperature 
Order Number 


Cerdip 
O'C to 70'C 
MC68l05U5S 
S Suffix 
-40'C 
to +85'C 
MC68705U5CS 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Product Preview 
8-Bit Microcontroller Unit 


The MC68HC05A6 
is an advanced 
8-bit 
microcontroller 
unit 
(MCUI 
with 
highly 
sophisticated 
on- 


chip 
peripheral 
capabilities. 
This device 
is similar 
to the 
MC68HC05C4 
with 
some 
differences 
includ- 


ing 2048 bytes 
of EEPROM 
and 4156 bytes 
of user 
ROM. 


The following 
are some 
of the 
hardware 
and software 
features 
of the 
MC68HC05A6. 


• 
HCMOS 
Technology 


• 
Fully 
Static 
Operation 


• 
4156 Bytes 
of User 
ROM 


• 
176 Bytes 
of RAM 


• 
2048 Bytes 
of EEPROM 


• 
240 Bytes 
of Self-Check 
Bootstrap 
Loader 
ROM 


• 
24 Bidirectional 
1/0 Lines 


• 
16-Bit Timer 
Subsystem 


• 
Serial 
Communications 
Interface 
(SCII 


• 
Serial 
Peripheral 
Interface 
(SPI) 


• 
Interrupts: 
External, 
Timer, 
SCI, and SPI 


• 
Master 
Reset and 
Power-On 
Reset 


• 
Single 
3- to 6-Volt 
Supply 


• 
On-Chip 
Oscillator 
with 
RC or Crystal/Ceramic 
Resonator 
Mask 
Option 


• 
2.1 MHz Internal 
Operation 
Frequency 
at 5 Volts 


• 
True 
Bit Manipulation 


• 
Memory 
Mapped 
I/O 


• 
Two 
Power 
Saving 
Standby 
Modes 


• 
Multiply 
Instruction 


• 
40-Pin 
Dip, 44-Pin 
PLCC Package 


• 
EEPROM 
Programming 
Bootstrap 
and Charge 
Pump 
On-Chip 
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OSCILLATOR 
BIDIRECTIONAL W 


2 
M68HC05 
110 PORT 
FAMILY 
PINS 
PROCESSOR 


2 
POWER 


INPUT 
PORT PIN 
176 BYTES 


2 
CONTROL 
RAM 
SERIAL 
PERIPHERAL 
4 
INTERFACE 
4156 BYTES 
(SPI) 
EXTERNAL 
USER ROM 
INTERRUPT 


2048 BYTES 
SERIAL 
BYTE ERASE 
COMMUNICATIONS 
2 
EEPROM 
INTERFACE 


(SCI) 
16-BIT 
TIMER 
240 BYTES 
SUBSYSTEM 
SELF-CHECKI 


BAUD-RATE 
BOOTSTRAP 
ROM 
GENERATOR 


CRYSTAL.¢¢ 
RESONATOR, 


OR RC 


3T06VOLTS~ 


RESET AND MODE ~ 
f--:-J\. SPI OR INPUT 
y..-:-.y 
PORT PINS 


~ 
SCI OR INPUT 


~PORTPINS • 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05B4 
(HCMOS) 
microcontroller 
unit (MCU) is a member 
of the M68HC05 
Family 
of microcontrollers. 


This high-performance, 
low-power 
MCU has parallel 
I 0 capability 
with 
pins programmable 
as input 
or output. 
This 
publication 
contains 
condensed 
information 
on the MCU; for more detailed 
information, 
contact 
your 
local Motorola 


sales office. 


The following 
block diagram 
depicts 
the hardware 
features; 
additional 
features 
available 
on the MCU are shown 
below 
and at the top of page 2. 


• 
On-Chip 
Oscillator 
with 
Crystal/Ceramic 
Resonator 


• 
Memory-Mapped 
I/O 


• 
176 Bytes of On-Chip 
RAM 


• 
4160 Bytes of User ROM 
• 
24 Bidirectional 
110 Lines and 8 Input-Only 
Lines 


PBO 
ACCUMULATOR 
PBI 


PORT 
B 
PB2 
PORT 
OATA 
8 
A 


I/O LINES 
PB3 
B 
OIR 
INOEX 


PB' 
REG 
REG 
REGISTER 
PBI 
PB6 
PB7 
CONOITION 
COOE 


REGISTER 
CC 


STACK 


PAO 
POINTER 


PAl 
PA2 
PORT 
OATA 
PROGRAM 
COUNTER 


PORT A 
PA3 


A 
OIR 
HIGH 
I/O LINE 
PA. 
PCH 


PAl 
REG. 
REG 


PA6 
PROGRAM 
COUNTER 


PA7 
lOW 
PCl 


USER 
ROM 


4160;x8 


SELF-CHECK 


432:- 8 


PCO 
PCI 
PC2iEClK 
PC3 
PC' 
PORT 
C 
PCI 
I/O LINES 


PC6 
PC7 


POO/ANO 
POliANI 
P02lAN2 
P03iAN3 
P04lAN. 
P05lANI 
P06/AN6 
P07/AN7 


VRH 


VRl 
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Features - 
continued 


• 
Serial Communications 
Interface 
(SCI) System 


• 
8-Channel 
AID Converter 


• 
Watchdog 
System 


• 
Self-Check 
Mode 


• 
Power-Saving 
STOP and WAIT Modes 


• 
Single 
3.0- to 6.0-Volt 
Supply 


• 
Fully Static Operation 


• 
Two Pulse-Length 
Modulation 
Systems 
(D/A) 


• 
2-Channel 
Pulse Length 
Modulator 


• 
Slow Mode 
Option 
Divides 
the Basic Clock Frequency 
by 16 


• 
16-Bit Timer 
with 
Two Input Input Capture 
and Two Output 
Compare 
Functions 


The signal 
descriptions 
of the MCU are discussed 
in 
the following 
paragraphs. 


VDD AND VSS 


Power 
is supplied 
to the microcontroller 
using 
these 
two pins. VDD is the positive 
supply, 
and VSS is ground. 


IRQ 


This pin is a programmable 
option 
that provides 
four 
different 
choices 
of interrupt 
triggering 
sensitivity. 
Refer 


to INTERRUPTS 
for 
more 
detail. 
Note that 
the voltage 


level on this pin affects the mode 
of operation. 


OSC1,OSC2 


These pins provide 
control 
input 
for an on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a ceramic 
resonator, 
or an 
external 
signal connects 
to these pins providing 
a system 


clock. The oscillator 
frequency 
is two times 
the internal 


bus rate lor 32 times 
as a software 
optioni. 


Crystal 


The circuit 
shown 
in Figure 1(b) is recommended 
when 
using a crystal. 
Using an external 
CMOS oscillator 
is rec- 


ommended 
when 
crystals 
outside 
the specified 
ranges 
are to be used. The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 


mize output 
distortion 
and start-up 
stabilization 
time. Re- 


fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VDD 


specifications. 


Ceramic 
Resonator 


A ceramic 
resonator 
may be used in place of the crystal 
in cost-sensitive 
applications. 
The circuit 
in Figure 1(bi is 


recommended 
when 
using 
a ceramic 
resonator. 
Figure 
1(a) lists the recommended 
capacitance 
and resistance 


values. 
The 
manufacturer 
of the 
resonator 
considered 
should 
be consulted 
for specific 
information 
on resonator 


operation. 


External 
Clock 


An external 
clock should 
be applied 
to the OSC1 input 


with 
the OSC2 input 
not connected, 
as shown 
in Figure 
l(d). 


INPUT CAPTURE (TCAP1) 


This pin controls 
the input capture 
1 feature for the on- 


chip programmable 
timer. 
Note that the voltage 
level on 


this pin affects 
the mode 
of operation. 


INPUT CAPTURE (TCAP2) 


This pin controls 
the input capture 
2 feature for the on- 


chip programmable 
timer. 


OUTPUT COMPARE (TCMP1) 


This pin provides 
an output 
for the output 
compare 
1 
feature 
of the on-chip 
timer. 


OUTPUT COMPARE (TCMP2) 


This pin provides 
an output 
for the output 
compare 
2 
feature 
on the on-chip 
timer. 


RESET 


This pin is used to reset the MCU and provide 
an or- 
derly start-up 
procedure 
by pulling 
RESET low. The volt- 
age level on this pin affects 
the mode 
of operation 
(see 


Table 2, Mode 
of Operation 
Selection). 


INPUT/OUTPUT 
PORTS (PA7-PAO, 
PB7-PBO, PC7-PCO) 


These ·24 lines are arranged 
into three 
8-bit 
ports 
(A, 


B, and C). These ports are programmable 
as either inputs 
or outputs 
under 
software 
control 
of the data direction 
registers. 
Refer to PROGRAMMING 
for additional 
infor- 


mation. 


FIXED INPUT PORT (PDO/ANO-PD7/AN7) 


These eight 
lines comprise 
port 
D, a fixed 
input 
port. 


If the AID function 
is enabled, 
it affects this 
port. 
Port D 


accepts the eight analog 
inputs when the AID is enabled. 


Port D can be used for digital 
input 
during 
a conversion 
sequence, 
but this may inject noise on the analog signals, 


reducing 
the conversion 
accuracy. 
Also, a digital 
read of 
port 
D with 
levels 
other 
than 
VDD or VSS on the 
pins 
results in greater 
power dissipation 
during 
the read cycle. 


Refer to PROGRAMMING 
for additional 
infor'mation. 


In the 48-pin 
dual-in-line 
package, 
the fixed 
input 


port (D) of the MC68HC05B4 
is reduced 
to six pins 
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2 MHz 
4 MHz 
Units 


RSMAX 
400 
75 
il 


Co 
5 
7 
pF 


C1 
0.008 
0.012 
fLF 


COSC1 
15-40 
15-30 
pF 


COSC2 
15-30 
15-25 
pF 


Rp 
10 
10 
Mil 


Q 
30 
40 
K 


2-4 MHz 
Units 


RS (typical) 
10 
1I 


Co 
40 
pF 


C1 
4.3 
fLF 


COSC1 
30 
pF 


COSC2 
30 
pF 


Rp 
1-10 
Mll 


Q 
1250 
- 


MCU 


ascI 
OSC2 


16 
Rp 
17 


0 


COSCI"I 
1" COSC2 


(b) Crystal/Ceramic 
Resonator 


Oscillator 
Connections 


~ 


C2 
L 
cyl 
RS 
ascI 


17 
16 
Co 


(PD5-PDO, 
AN5-ANO). 
This change 
has no effect on 


either 
programming 
or operation 
of port 
0 or the 


AID converter. 


PLMA 


This 
pin 
is the 
output 
of the 
pulse-length 
modulation 


converter 
A. See PULSE-LENGTH 
D/A CONVERTERS 
for 
further 
information. 


PLMB 


This 
pin 
is the 
output 
of the 
pulse-length 
modulation 


converter 
B. See PULSE-LENGTH 
D/A 
CONVERTERS 
for 
further 
information. 


ROt (Receive 
Data 
In) 


This 
pin 
is the 
input 
of the 
SCI receiver. 
See 
Serial 
Communications 
Interface 
for 
more 
information. 


TOO (Transmit 
Data 
Out) 
This pin is the output 
of the SCI transmitter. 
See Serial 
Communications 
Interface 
for 
more 
information. 


SCLK 


This 
pin is the clock 
output 
pin of the SCI transmitter. 


See 
Serial 
Communications 
Interface 
for 
more 
infor- 
mation. 


VRH 


This 
pin 
is the 
positive 
reference 
voltage 
for 
the A/D 
converter. 


VRL 


This 
pin is the 
negative 
reference 
voltage 
for the AID 
converter. 


Input 
output 
port 
programming, 
fixed 
input 
port 
pro- 
gramming, 
and 
serial 
port 
programming 
are discussed 
in the following 
paragraphs. 
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INPUT/OUTPUT 
PORT PROGRAMMING 


Any port pin is programmable 
as either an input or an 
output 
under 
software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Each port bit can be selected 
as 
output 
or input 
by writing 
the corresponding 
bit in the 
port DDR to a logic one for output 
and logic zero for input. 


On reset, all DDRs are initialized 
to logic zero to put the 
ports in the input mode. The port output 
registers 
are not 
initialized 
on reset but may be written 
to before 
setting 
the DDR bits to avoid 
undefinerl 
levels. 


When programmed 
as outputs, 
the latched output 
data 


is readable 
as input data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers 
and avoid 
undefined 
outputs. 
Refer to 
Figure 
2 for typical 
port circuitry 
and to Table 
1 for a list 
of the I/O pin functions. 


RIW* 
DDR 
I/O Pin Functions 


a 
a 
The I 0 pin is in input mode. Data is writ· 
ten into the output data latch. 


a 
, 
Data is written 
into the output 
data latch 


and output to the I 0 pin. 
, 
a 
The state of the I 0 pin is read. 
, 
, 
The I 0 pin is in an output mode. The out- 
put data latch is read. 


Under 
software 
control, 
the 
PC2 pin can become 
the 
CPU clock 
output. 
If this 
option 
is selected, 
the 
corre- 


sponding 
DDR bit is automatically 
set, and bit 2 of port 
C always 
reads the output 
data 
latch. The other 
port 
C 
pins are not affected 
by this feature. 


E Clock Control 
Register 
(CTUECLKI 
$07 


7 
6 
5 
4 
3 
2 


ECLK - 
ECLK Control 
1= I/O port function 
of PC2 is forced 
to output 
mode, 


and PC2 outputs 
the ECLK CPU clock. 


0= PC2 functions 
as a regular 
I/O pin. 


FIXED INPUT PORT PROGRAMMING 


Port D is a fixed 
input 
port that monitors 
the external 
pins whenever 
the A/D is disabled. 
After 
reset, all the bits 
become 
digital 
inputs 
because all special function 
drivers 
are disabled. 
Port D is always 
a digital 
input, whether 
the 
AID is on or off. 


Any unused 
inputs 
and I/O ports 
should 
be tied to 
an appropriate 
logic level (e.g., either VDD or VSS). 


SERIAL PORT (SCIl PROGRAMMING 


The SCI uses two 
or three 
pins for 
its functions: 
RDI 
for its receive data input, TDO for its transmit 
data output, 


and SCLK to output 
the transmitter 
clock, 
if needed. 


The MCU is capable 
of addressing 
8192 bytes of mem- 
ory and I/O registers, 
as shown 
in Figure 3. The locations 
consist 
of user ROM, user RAM, self-check 
ROM, control 
registers, 
and I/O. The user-defined 
reset and interrupt 
vectors 
are located 
from 
$1 FFOto $1 FFF. 


The shared 
stack area is used during 
processing 
of an 


interrupt 
or subroutine 
call to save the CPU state. 
The 
stack pointer 
decrements 
during 
pushes and increments 


INTERNAL 
MCU 


CONNECTIONS 


• 
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II 


32 BYTES 


PAGE 
0 


USER 
ROM 


48 BYTES 


RAM 


176 BYTES 


INCLUDING 


STACK 


64 BYTES 


UNUSED 


256 BYTES 


SELF·CHECK 
ROM 
I 


192 BYTES 


UNUSED 


3136 
BYTES 


4K USER 
ROM 


4096 
BYTES 


SELF-CHECK 


ROM 
II 


240 
BYTES 


USER 
VECTORS 


16 BYTES 


0031 
0032', 


\ 


\ 
\ 


\ 
\ 


\ 
\ 
\ 
\, 


\ 
\ 
\ 
'-- 


- ._- 


EClK 


CONTROL 


1 BYTES 


A. 0 CONVERTER 


2 BYTES 


PLM 
SYSTEM 


2 BYTES 


MISCELLANEOUS 


1 BYTE 


SERIAL 
COMMUNICATIONS 
INTERFACE 


5 BYTES 


TIMER 


14 BYTES 
0031 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 


during 
pulls. 
Refer to INTERRUPTS 
for additional 
infor- 


mation. 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent it from being 
overwritten 
due 
to stacking 
from 
an interrupt 
or 
subroutine 
call. 


REGISTERS 


The MCU 
contains 
the registers 
described 
in the fol- 


lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The accumulator 
is a general-purpose 
B-bit register used 
to hold 
operands 
and 
results 
of arithmetic 
calculations 
or data manipulations. 


PORT 
B DATA 
REGISTER 


PORT 
C DATA 
REGISTER 


PORT 
0 INPUT 
DATA 
REGISTER 


PORT 
A DATA 
DIRECTION 
REGISTER 


PORT 
B DATA 
DIRECTION 
REGISTER 


PORT 
C DATA 
DIRECTION 
REGISTER 


EelK 
CONTROL 
REGISTER 


A;O 
DATA 
REGISTER 


A 0 STATUS 
CONTROL 
REGISTER 


PULSE 
LENGTH 
MODULATlON 
A 


PULSE 
LENGTH 
MODULATION 
8 


MISCELLANEOUS 
REGISTER 


SCI 
BAUD 
RATE 
REGISTER 


SCI 
CONTROL 
REGISTER 
1 


SCI CONTROL 
REGISTER 
2 


SCI 
STATUS 
REGISTER 


SCI 
DATA 
REGISTER 


TIMER 
CONTROL 
REGISTER 


TIMER 
STATUS 
REGISTER 


CAPTURE 
HIGH 
REGISTER 
1 


CAPTURE 
lOW 
REGISTER 
1 


COMPARE 
HIGH 
REGISTER 
I 


COMPARE 
lOW 
REGISTER 
I 


COUNTER 
HIGH 
REGISTER 


COUNTER 
lOW 
REGISTER 


ALTERNATE 
COUNTER 
HIGH 
REGISTER 


ALTERNATE 
COUNTER 
lOW 
REGISTER 


CAPTURE 
HIGH 
REGISTER 
2 


CAPTURE 
lOW 
REGISTER 
2 


COMPARE 
HIGH 
REGISTER 
2 


COMPARE 
lOW 
REGISTER 
2 


INDEX REGISTER (X) 


The index 
register 
is an B-bit register 
used for the in- 


dexed 
addressing 
mode. 
It contains 
an B-bit value 
that 
may be added to an B- or 16-bit immediate 
value to create 
an effective 
address. The index register 
may also be used 


as a temporary 
storage 
area. 


PROGRAM COUNTER (PC) 


The program 
counter 
is a 13-bit register 
that contains 


the address 
of the next instruction 
to be executed. 


12I~ 
pc 
_ 


STACK POINTER (SP) 


The stack pointer 
is a 13-bit register 
that contains 
the 


address 
of the next free location 
on the stack. During 
an 


MCU reset or the reset stack pointer 
(RSPI instruction, 
the stack pointer 
is set to location 
$OOFF. The stack pointer 
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is then 
decremented 
as data is pushed 
onto the stack and 


incremented 
as data 
is pulled 
from 
the stack. 
When 
accessing 
memory, 
the 
seven 
most 
significant 
bits are permanently 
set to 0000011. 
These seven 
bits are 
appended 
to the six least significant 
register 
bits to pro- 
duce 
an 
address 
within 
the 
range 
of 
$OOFF to 
$OOCO. 
Subroutines 
and 
interrupts 
may 
use up to 64 (decimal) 
locations. 
If 64 locations 
are exceeded, 
the stack pointer 
wraps 
around 
and 
loses 
the 
previously 
stored 
informa- 
tion. A subroutine 
call occupies 
two locations 
on the stack; 
an interrupt 
uses five 
locations. 


12 
7 


~ 
SP 
_ 


CONDITION 
CODE REGISTER 
(CCR) 


The CCR is a 5-bit 
register 
in which 
four 
bits 
are used 
to 
indicate 
the 
results 
of the 
instruction 
just 
executed. 


These 
bits can be individually 
tested 
by a program, 
and 
specific 
actions 
can 
be taken 
as a result 
of their 
state. 


Each bit is explained 
in the following 
paragraphs. 


Half Carry 
(H) 


This 
bit 
is set during 
ADD 
and AOC operations 
to in- 
dicate 
that 
a carry 
occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When 
this 
bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled!. 
If an interrupt 
occurs 
while 
this 
bit is 
set, the interrupt 
is latched 
and processed 
as soon as the 
interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit 
indicates 
that 
the 
result 
of the 
last 


arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result 
is a logic 
one). 


Zero 
(Z) 


When 
set, this 
bit 
indicates 
that 
the 
result 
of the 
last 


arithmetic, 
logical, 
or data 
manipulation 
was zero. 


Carry/Borrow 
(CI 


When 
set, this 
bit indicates 
that 
a carry 
or borrow 
out 
of the 
arithmetic 
logical 
unit 
(ALU) 
occurred 
during 
the 


last arithmetic 
operation. 
This 
bit is also affected 
during 
bit 
test 
and 
branch 
instructions 
and 
during 
shifts 
and 


rotates. 


The self-check 
capability 
provides 
the ability 
to deter- 
mine 
if the device 
is functional. 
Table 
2 shows 
how 
self- 
check 
mode 
is entered. 
Self-check 
is performed 
using 
the 
circuit 
shown 
in Figure 
4. Port C pins PC3-PCO are mon- 
itored 
for the self-check 
results. 
After 
reset, the following 
tests 
are performed 
automatically: 


I/O - 
Exercise 
of ports 
A, S, C, and 
0 
RAM - 
Counter 
test for each RAM 
byte 


ROM - 
Exclusive 
OR with 
odd 
ones 
parity 
result 
Timer 
- 
Tracks 
counter 
register 
and 
checks 
ICF1, 


ICF2, OCF1, OCF2, and TOV flag 


Interrupts 
- 
Tests external, 
timer, 
and SCI interrupts 
SCI - 
Transmission 
test; 
checks 
RORF, TORE, TC, 
and FE flags 
AiD - 
Checks 
A 0 on internal 
channels: 
VRL, VRH, 
and (VRL + VRH) 2 
PLM - 
Checks 
basic 
PLM function 


Watchdog 
System 
- 
Checks 
watchdog 
function 
Self-check 
results 
(using 
the 
LEOs 
as monitorsi 
are 
shown 
in Table 3. The following 
subroutines 
are available 


to the user and do not require 
any external 
hardware. 


RESET Pin 
IRQ Pin 
TCAP1 Pin 
Mode 
~ 
VSS to VDD 
VSS to VDD 
Normal 
----.r-- 
+9 
Volts 
VDD 
Self-Check 


VSS 
VSS to VDD 
VSS to VDD 
Reset Condition 


PC3 
PC2 
PC1 
pca 
Remarks 


1 
0 
0 
1 
Bad Port 


0 
1 
1 
0 
Bad Port 


1 
0 
1 
0 
Bad RAM 


1 
0 
1 
1 
Bad ROM 


1 
1 
0 
0 
Bad Timer 


1 
1 
0 
1 
Bad SCI 


1 
1 
1 
0 
Bad AID 


0 
0 
0 
0 
Not Used 


0 
0 
0 
1 
Bad PLM 


0 
0 
1 
0 
Bad Interrupts 


0 
0 
1 
1 
Bad Watchdog 


Flashing 
Good Device 


All Others 
Bad Device, Bad Port, etc. 


RAM 
CHECK SUBROUTINE 


This 
subroutine 
returns 
with 
the 
Z bit 
cleared 
if any 
error 
is detected; 
otherwise, 
the 
Z bit 
is set. The 
stack 
pointer 
must 
be set to $FF. The RAM check subroutine 
is 
called 
at location 
$021E. 
A counter 
test 
is done 
on each 
location 
from 
address 
$50 to $FO. Each location 
is made 
to count 
from 
$00 to $00 again. 
Locations 
$FE and 
$FF 


are assumed 
to contain 
the return 
address. 
Upon 
return 


to the user's 
program, 
if the test passed, 
X = $00, A = $00, 
and RAM 
locations 
$0050 
and $OOFD contain 
$01. 


NOTE 


The watchdog 
system 
is turned 
on when 
calling 
this 
subroutine. 


• 
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10 
10nF 
I 
47f1FI 
8 
- 
VRH 
VOO 


OSC1 
16 


10 M 
OSC2 
17 


RESET 


15 
NC 
0 
22 pF I 
4.8 MHz I 


22PF 


NC 
- 
- 
40 
~ 
NC 
<i 


50 
19 
ROI 
IRQ 
• 


52 
TOO 
10K 


28 
PLMA 
23 
TCAP2 
10K 


21 
PLMB 
TCMP2 


22 
47K 
TCMPI 
TCAPI 


51 
SCLK 
32 
47K 
PB7 
PB6 
33 
34 
PB5 
35 
PB4 
36 
PB3 
47K 
PB2 
37 
47K 
PB1 
38 


PBO 
39 
3 
4 
POl 
P06 
5 
P05 
9 
42 
11 
P04 
PC7 


12 
P03 


43 
13 
P02 
PC6 
POI 
14 
POD 
44 
PC5 


PC4 
45 
24 
25 
PA7 
~ 
680 
46 
26 
PA6 
PC3 


27 
PA5 
47 
680 


28 
PM 
PC2 


29 
PA3 
48 
680 


30 
PA2 
PCI 


31 
PAl 
49 
680 
PAD 
PCO 
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AID CONVERTER 
CHECK SUBROUTINE 


This 
subroutine 
returns 
with 
the 
Z bit cleared 
if any 
error 
is detected; 
otherwise, 
the Z bit is set. The subrou- 


tine is called at location 
$1FAAwith 
X=$OO and AID STATI 


CTRL (address 
$09) = $20 (ADON = 1 for 
more 
than 
100 
jJ.s and 
channel 
POD selected). 
Conversion 
is done 
on 
three 
of the internal 
channels: 
VRH, VRL, and (VRL +VRH)I 


2. The result 
of these 
conversions 
is verified 
at 
:!: 1 LSB. 


Upon 
return 
to the 
user's 
program, 
if the 
test 
passed, 


X~$09, 
A=$OO 
or $01. 


ROM CHECKSUM 
SUBROUTINE 


This 
subroutine 
returns 
with 
the 
Z bit cleared 
if any 


error 
is detected; 
otherwise, 
the 
Z bit 
is set. The 
ROM 


checksum 
subroutine 
is called at location 
$0232 with 
RAM 
location 
$0053 equal 
to $01 and A = O. A short 
routine 
is 


set up and executed 
in RAM to compute 
a checksum 
of 
the 
entire 
ROM 
pattern. 
RAM 
locations 
$0050 
through 
$0053 are overwritten. 
Upon 
return 
to the user's 
program, 


if the test 
passed, 
X = 0, A = O. 


The AiD 
and 
the 
watchdog 
system 
are turned 
on 


when 
calling 
this 
subroutine. 


The 
MCU 
can be reset 
two 
ways: 
by initial 
power-up 


(POR) and by the external 
reset input 
(RESET). The RESET 


input 
consists 
mainly 
of a Schmitt 
trigger 
that senses the 


RESET line 
logic 
level. 


POWER-ON 
RESET (POR) 


An 
internal 
reset 
is generated 
on 
power-up 
to 
allow 
the 
internal 
clock 
generator 
to 
stabilize. 
The 
power-on 


reset 
is strictly 
for power 
turn-on 
conditions 
and' should 


not be used to detect 
a drop 
in the power 
supply 
voltage. 


There 
is a delay 
(tpoRLl 
after the oscillator 
becomes 
ac- 


tive. 
If the RESET pin is low at the end ~L 
the MCU 
will 
remain 
in the reset condition 
until 
RESET goes high. 


A mask 
option 
allows 
tpORL 
to be either 
16 or 4064 
in- 


ternal 
processor 
clock 
cycles 
(tcyel. 


EXTERNAL 
RESET INPUT 


The 
MCU 
is reset 
when 
a logic 
zero 
is applied 
to the 


RESET input 
for 
a period 
of one 
and 
one-half 
machine 
cycles 
(tcyel. 


Miscellaneous 
Register 
(OC) 
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POR - 
Power-On 
Reset 
1 = The 
reset 
occurring 
is a power-on, 
not external, 


reset 
0= Power-on 
reset 
not in progress 


INTP - 
External 
Interrupt 
Positive 
Allows 
a choice 
of IRQ sensitivity, 
with 
INTN. 
See 


Table 
4. 


INTN - 
External 
Interrupt 
Negative 
Allows 
a choice 
of 
IRQ sensitivity, 
with 
INTP. 
See 


Table 
4. 
INTE - 
External 
Interrupt 
Enable 


Allows 
the user to enable 
or disable 
the external 
in- 


terrupt 
function 
SFA - 
Slow/Fast 
Selection 
for PLMA 
1 = Slow 
speed 
used for PLMA 
(4096 times 
the timer 
clock 
period) 


0= Fast speed 
used 
for 
PLMA 
(256 times 
the 
timer 
clock 
period). 
See 
PULSE-LENGTH 
D/A 
CON- 


VERTERS 


SFB - 
Slow/Fast 
Selection 
for PLMB 
1 = Slow 
speed 
used for PLMB 14096 times 
the timer 


clock 
period) 


0= Fast speed 
used 
for 
PLMB 
(256 times 
the 
timer 


clock 
period). 
See 
PULSE-LENGTH 
D/A 
CON- 


VERTERS 
• 
SM - 
Slow 
Mode 
1 = System 
runs at 1 16th the normal 
clock 
rate (foscl 


32) 
0= System 
runs 
at normal 
clock 
rate (fosc 2) 
WDOG 
- 
Watchdog 
Counter 
System 


1 = Watchdog 
counter 
system 
enabled 
0= Watchdog 
counter 
system 
disabled 


The 
reset 
generated 
by 
the 
watchdog 
timer 
is a 
system 
reset; 
thus, 
the watchdog 
is disabled 
after 


a watchdog 
reset. 


INTP 
INTN 
External Interrupt 
Options 


0 
0 
Negative Edge and Low-Level Sensitive 
0 
1 
Negative Edge Only 
1 
0 
Positive Edge Only 
1 
1 
Positive and Negative Edge Sensitive 


Slow 
Mode 


The slow 
mode 
function 
is controlled 
by the SM bit in 
the 
miscellaneous 
register 
(DC). In slow 
mode 
(SM = 1), 


an extra 
divide-by-sixteen 
circuit 
is added 
between 
the 
oscillator 
and the internal 
clock driver. 
This slows 
all func- 


tions 
by a factor 
of 
16 (including 
SCI, AID, 
and 
timer), 
which 
is particularly 
useful 
in WAIT 
mode. 
SM is cleared 


by external 
or power-on 
reset 
and 
by STOP mode. 


If slow 
mode 
is enabled 
while 
using 
the 
AID, 
the 


internal 
AID RC oscillator 
should 
be turned 
on. 


Watchdog 
System 


The watchdog 
counter 
is driven 
by the 
1024 prescaler 
in the timer 
and, unless 
the counter 
is reset, 
generates 
a 


system 
reset 
when 
it 
reaches 
its 
maximum 
count 
(1024 x 8). 
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of enabling 
the watchdog 
timer. 
In the first 
option, 
the 


watchdog 
system 
is controlled 
by the WDOG 
bit in the 


miscellaneous 
register 
(DC).Writing 
a one to the bit starts 


the watchdog 
or, if it is already started, 
resets the counter 


to zero. Writing 
a zero has no effect; 
the WDOG bit can 
only 
be cleared 
by external 
or power-on 
reset. 
In the 
second 
option, 
the 
watchdog 
timer 
is always 
enabled 


following 
reset. 
A second 
mask option 
determines 
the watchdog 
timer 
function 
during 
WAIT. 
The watchdog 
timer 
can remain 
active 
during 
WAIT, 
and can cause a reset if the device 
remains 
in WAIT 
longer 
than the watchdog 
timeout 
pe- 


riod. 
Alternatively, 
the watchdog 
timer 
suspends 
oper- 


ation during 
WAIT and resets its count, 
resuming 
normal 
operation 
following 
reset. 


The MCU can be interrupted 
four 
different 
ways: 
the 


three maskable 
hardware 
interrupts 
(IRQ, SCI, and timer) 
and the nonmaskable 
software 
interrupt 
instruction 
(SWI). 


Interrupts 
cause the processor 
to save register contents 


on the stack and to set the interrupt 
mask (I bit) to prevent 


additional 
interrupts. 
The RTI instruction 
causes the reg- 


ister contents 
to be recovered 
from the stack and normal 


processing 
to 
resume. 
The stacking 
order 
is shown 
in 
Figure 
5. 


Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted 
but are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


NOTE 
The current 
instruction 
is the one already 
fetched 


and being 
operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks 
all pending 
hardware 
interrupts. 
If unmasked 
(I 


bit clear) and if the corresponding 
interrupt 
enable bit is 
set, the 
processor 
proceeds 
with 
interrupt 
processing; 


otherwise, 
the next instruction 
is fetched 
and executed. 


If both 
an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other instruction, 
regardless 
of the I-bit state. 


TIMER 
INTERRUPT 


There are three different 
timer interrupt 
flags that cause 
a timer 
interrupt 
whenever 
they are set and enabled. 
The 
interrupt 
flags are in the timer 
status register 
(TSRj, and 


the enable 
bits 
are in the timer 
control 
register 
(TCR). 
Refer to TIMER 
for more 
information. 


EXTERNAL INTERRUPT 


If the interrupt 
mask 
bit 
II bit) of the CCR is set, all 
interrupts 
are disabled. 
Clearing 
the I bit enables the ex- 
ternal 
interrupt. 
The external 
interrupt 
is internally 
syn- 


chronized 
and then 
latched 
on the falling 
edge of IRQ. 


The action of the external 
interrupt 
is identical 
to the timer 
interrupt 
with 
the exception 
that 
the 
interrupt 
request 
input 
at IRQ is latched 
internally 
and the service 
routine 
address 
is specified 
by the contents 
of $1FFA and $1 FFB. 
Four options 
are available 
for interrupt 
triggering 
sen- 
sitivity: 


• 
Negative 
edge and low level 
• 
Negative 
edge only 


• 
Positive 
edge only 


• 
Positive 
and negative 
edge 
See Miscellaneous 
Register 
(OC) for further 
information. 


Figure 7 shows a mode timing 
diagram 
for the interrupt 
line. The timing 
diagram 
shows 
two 
treatments 
of the 


interrupt 
line to the processor. 
The first method 
shows 
a 
single pulse on the interrupt 
line spaced far enough 
apart 
to be serviced. 
The minimum 
time 
between 
pulses 
is a 
function 
of the 
length 
of the 
interrupt 
service. 
Once a 
pulse occurs, the next pulse should 
not occur until an RTI 


occurs. This time (tluLi 
is obtained 
by adding 
21 instruc- 
tion cycles to the total 
number 
of cycles it takes to com- 
plete the service routine Inot including 
the RTI instruction). 


The second 
method 
shows 
many 
interrupt 
lines "wire- 
ORed" to form 
the interrupts 
at the processor. 
If the in- 
terrupt 
line remains 
low after servicing 
an interrupt, 
then 
the next interrupt 
is recognized. 


NOTE 
The internal 
interrupt 
latch is cleared in the first part 
of the interrupt 
service 
routine; 
therefore, 
one ex- 
ternal 
interrupt 
pulse could be latched and serviced 
as soon as the I bit is cleared. 


STACK 
n 
U 
P 
T 


1 11 
111 
CONDITION 
CODE REGISTER 


ACCUMULATOR 


INDEX REGISTER 


o I 0 I 0 I 
PCH 


PCl 


NOTE: Since the Stack Pointer decrements during pushes, the 


PCl is stacked first, followed by PCH,etc. Pulling from 
the stack 
is in the 
reverse 
order. 


MOTOROLA 
MICROPROCESSOR 
DATA 


3·720 


CLEAR IRQ 
REQUEST 


LATCH 


LOAD PC FROM: 
SWI: $lFFC-$lFFO 
SWI: $lFFA-$lFFB 
TIMER: $lFF8-$lFF9 
SCI: $lFF6-$lFF7 


COMPLETE 
INTERRUPT 
ROUTINE 


AND EXECUTE 


RTI 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that is executed 


regardless 
of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes 
after the other 
interrupts. 
The SWI 


operation 
is similar 
to the hardware 
interrupts. 
The in- 


terrupt 
service 
routine 
address 
is specified 
by the con- 
tents of memory 
locations 
$1FFC and $1 FFD. 


SCI INTERRUPTS 


An interrupt 
in the SCI occurs when one of the interrupt 


flag bits in the serial communications 
status 
register 
is 
set, provided 
the I bit in the CCR is clear and the enable 
bit in the serial communications 
control 
register 
2 is set. 


Software 
in the serial interrupt 
service 
routine 
must de- 


termine 
the cause and priority 
of the 
SCI interrupt 
by 


• 
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IRO~tILlH 
U 


\.. 
tILlL----- 
•••• 
1 


Edge-Sensitive 
Trigger Condition 


The minimum 
pulse width (tILlH) is either 


125 ns (VOO=5 V) or 250 ns (VOO=3 V). 
The period tlLlL should not be less than 
the number of tcyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
tcyc cycles. 


Level-Sensitive 
Trigger Condition 


If after servicing 
an interrupt 
the IRQ re- 
mains low, then the next interrupt 
is rec- 


ognized . 


NORMALLY 
USEDWITH 
WIRE-ORed 
CONNECTION 


(1)FETCHRESETVECTOROR 


(21 SERVICEINTERRUPT 
A. STACK 
B.SETI BIT 
C.VECTORTO INTERRUPT 


ROUTINE 


..-----~ 
I 
IROn 
~--- 


examining 
the 
interrupt 
flags 
and 
status 
bits 
in the 
SCI 
status 
register. 


STOP 


The STOP instruction 
places the MCU in its lowest 
power 
consumption 
mode. 
In the 
STOP mode, 
the internal 
os- 
cillator 
is turned 
off, 
halting 
all 
internal 
processing 
in- 


cluding 
timer, 
SCI, and AID operation 
(refer 
to Figure 
81. 


During 
the 
STOP 
mode, 
the 
TCR bits 
are altered 
to 
remove 
any 
pending 
timer 
interrupt 
request 
and to dis- 


able 
any further 
timer 
interrupts. 
The timer 
prescaler 
is 


cleared. 
The I bit in the CCR is cleared 
to enable 
external 
interrupts. 
All 
other 
registers 
and memory 
remain 
unal- 


tered. 
All input/output 
lines 
remain 
unchanged. 
The pro- 
cessor 
can be brought 
out of the STOP mode 
only 
by an 
external 
interrupt 
or reset. 


SCI during 
STOP Mode 


When 
the 
MCU 
enters 
the 
STOP mode, 
the baud 
rate 


generator 
stops, 
halting 
all SCI activity. 
If the 
STOP in- 


struction 
is executed 
during 
a transmitter 
transfer, 
that 


transfer 
is halted. 
If a low 
input 
to the IRQ pin is used to 


exit 
STOP mode, 
the transfer 
resumes. 
If the SCI receiver 


is receiving 
data and the STOP mode 
is entered, 
received 
data 
sampli 
ng 
stops 
because 
the 
baud 
rate 
generator 


stops, 
and all subsequent 
data is lost. 
For these 
reasons, 
all SCI transfers 
should 
be in the idle state when 
the STOP 


instruction 
is executed. 


Watchdog 
during 
STOP Mode 


The STOP instruction 
is inhibited 
when 
the watchdog 
system 
is enabled. 
If a STOP instruction 
is executed 
while 
the 
watchdog 
is enabled, 
a reset 
occurs 
that 
resets 
the 
entire 
MCU. 
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PLM during 
STOP Mode 


When 
the 
MCU enters 
stop 
mode, 
the 
PLM outputs 
remain 
at their 
particular 
level. If power-on 
or external 


reset causes the exit from stop mode, the register values 
are forced 
to $00. 


AID Converter 
during 
STOP Mode 


When 
stop 
mode 
is entered 
with 
the AiD 
converter 
turned 
on, the AID clocks are stopped 
and the AID con- 


verter is disabled 
for the duration 
of stop mode, including 


the tpORL 
startup 
time. 
If the AID RC oscillator 
is used, 
it will 
also be disabled. 


When leaving STOP mode, after the tpORL startup time, 


the A 0 converter 
and AID RC oscillator 
resume 
regular 
operation. 
However, 
a time 
tADON 
is required 
for the 


current 
sources 
to stabilize. 
During 
tADON, 
A D conver- 
sion results 
may be inaccurate. 


WAIT 


The WAIT instruction 
places the MCU in a low-power 
consumption 
mode, but the WAIT mode consumes 
more 
power 
than 
the 
STOP mode. 
All 
CPU action 
and 
the 
watchdog 
system are suspended, 
but the timer, SCI, PLM, 


and A D remain 
active 
(refer to Figure 
9). An interrupt 


from the timer, 
SCI, or an IRQ can cause the MCU to exit 
the WAIT mode. 


During 
the WAIT mode, the I bit in the CCR is cleared 
to enable 
interrupts. 
All 
other 
registers, 
memory, 
and 
inpulioutput 
lines remain in their previous state. The timer 


may be enabled 
to allow 
a periodic 
exit from 
the WAIT 


mode. 


To achieve 
proper 
operation 
and reduce 
power 
con- 


sumption, 
the following 
points 
should 
be set as desired 
before 
entering 
wait mode: 


• 
Timer 
interrupt 
enable 
bits 


• 
A D control 
bits 


• 
SCI enable 
bits and interrupt 
enable 
bits 


The timer consists 
of a 16-bit, software-programmable 


counter 
driven 
by a fixed 
divide-by-four 
prescaler. 
This 


timer 
can be used for 
many 
purposes, 
including 
input 
waveform 
measurements 
of two 
input 
signals 
while 
si- 


multaneously 
generating 
two 
output 
waveforms. 
Pulse 
widths 
can vary from several microseconds 
to many sec- 


onds. The programmable 
timer works in conjunction 
with 


the PLM system 
to execute 
two 
S-bit DIA PLM conver- 


sions, with a choice of two repetition 
rates. Refer to Figure 


10 for a timer 
block diagram. 


Because the timer 
has a 16-bit architecture, 
each spe- 


cific functional 
segment 
(capability) 
is represented 
by two 
registers. 
These registers 
contain 
the high and low byte 
of that functional 
segment. 
Generally, 
accessing 
the low 


byte of a specific timer function 
allows full control 
of that 
function; 
however, 
an access of the high 
byte inhibits 


that specific 
timer 
function 
until the low byte is also ac- 


cessed. 


OSCILLATOR ACTIVE 
TIMER. 
SCI, ANO AlO 
CLOCKS ACTIVE 
PROCESSOR CLOCKS STOPPEO 


111FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 


A. STACK 
B. SET I BIT 
C. VECTOR TO INTERRUPT 


ROUTINE 


NOTE 


The I bit in the CCR should 
be set while 
manipu- 
lating 
both the high and low byte register 
of a spe- 
cific timer function 
to ensure that an interrupt 
does 
not occur. 


COUNTER 


The key element 
in the programmable 
timer 
is a 16- 
bit, free-running 
counter 
or counter 
register, 
preceded 
by 


a prescaler 
that divides 
the internal 
processor 
clock 
by 
four. 
The prescaler 
gives 
the timer 
a resolution 
of 2.0 


microseconds 
if the 
internal 
bus clock 
is 2.0 MHz. The 
counter 
is incremented 
during 
the low portion 
of the in- 
ternal 
bus clock. Software 
can read the counter 
at any 
time without 
affecting 
its value. 


The double-byte, 
free-running 
counter can be read from 


either 
of two 
locations, 
$1S-$19 
(counter 
register) 
or 
$1A-$1 B (counter 
alternate 
registerl. 
A read from 
only 
the least significant 
byte (LSB) of the free-running 
counter 


($19, $1B) receives the count value at the time of the read. 


• 
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• 


COUNTER 
AlTERNATE 
REGISTER 


TIMER 
STATUS 
REGISTER 
S13 
TIMER 
CONTROL 
REGISTER 
S12 


INPUT 
OUTPUT 
OVERflOW 
CAPTURE 
COMPARE 
INTERRUPT 
INTERRUPT 
INTERRUPT 
Slff4. 
5 
S1ffa. 
a 
Slff5. 
1 


The counter 
alternate 
register 
differs 
from 
the counter 
register 
in one respect: 
a read of the counter 
register 
lSB 
can clear the timer 
overflow 
flag 
(TO F). Therefore, 
the 
counter 
alternate 
register can be read at any time without 
the possibility 
of missing 
timer 
overflow 
interrupts 
due 
to clearing 
of the TOF. 
The free-running 
counter 
is configured 
to $FFFC during 
reset and is always 
a read-only 
register. 
During 
a power- 
on reset, the counter 
is also preset to $FFFC and begins 
running 
after 
the oscillator 
start-up 
delay. 
Because 
the 
free-running 
counter 
is 16 bits preceded 
by a fixed divide- 


If a read of the free-running 
counter 
or counter 
alternate 
register 
first 
addresses 
the most 
significant 
byte (MSB) 
($18, $1Al. the lSB 
($19, $1B) is transferred 
to a buffer. 


This buffer 
value 
remains 
fixed 
after the first 
MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed 
when 
reading 
the free-running 
counter 
or 
counter 
alternate 
register 
lSB 
($19 or $1 B) and, thus, 
completes 
a read sequence 
of the total counter 
value. In 
reading 
either 
the free-running 
counter 
or counter 
alter- 
nate register, 
if the MSB is read, the lSB 
must 
also be 
read to complete 
the sequence. 
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by-four 
prescaler, 
the value 
in the free-running 
counter 
repeats every 262,144 internal 
bus clock cycles. When the 
counter 
rolls over from $FFFF to $0000, the TOF bit is set. 


An interrupt 
can also be enabled 
when 
counter 
rollover 
occurs 
by setting 
its interrupt 
enable 
bit (TOlE). 


NOTE 


Since the PLM system 
uses the timer 
counter, 
PLM 


results will 
be affected 
when resetting 
this counter. 


OUTPUT 
COMPARE REGISTERS 


There are two 
output 
compare 
registers: 
output 
com- 
pare 
register 
1 (OCR1) and output 
compare 
register 
2 
(OCR2). The output 
compare 
registers 
can be used for 
several 
purposes, 
such as controlling 
an output 
wave- 
form 
or indicating 
when a period 
of time has elapsed. All 
bits are readable 
and writable 
and are not altered 
by the 
timer 
hardware 
or reset. If the compare 
function 
is not 
needed, 
the four 
bytes of the output 
compare 
registers 
can be used as storage 
locations, 


NOTE 


The same 
output 
compare 
interrupt 
enable 
bit is 
used for the two output 
compares. 


Output 
Compare 
Register 
1 


The output 
compare 
register 
1 (OCR1) is a 16-bit reg- 
ister, which 
is made up of two 8-bit registers 
at locations 
$16 (most significant 
byte) and $17 (least significant 
byte). 


The output 
compare 
register 
contents 
are continually 
compared 
with 
the contents 
of the free-running 
counter 
and, if a match 
is found, 
the corresponding 
output 
com- 


pare flag (OCF1, bit 6 of timer 
status 
register 
$13) is set, 


and the corresponding 
output 
level (OLVL 1) bit is clocked 
to pin TCMP1. The output 
compare 
reg,ister values 
and 
the output 
level 
bit should 
be changed 
after 
each suc- 
cessful 
comparison 
to control 
an output 
waveform 
or 
establish 
a new elapsed 
timeout. 
An interrupt 
can also 
accompany 
a successful 
output 
compare, 
provided 
the 
corresponding 
interrupt 
enable 
bit, OCIE, is set. 


After 
a processor 
write 
cycle 
to the output 
compare 
register 
1 containing 
the most significant 
byte ($16). the 
output 
compare 
1 function 
is inhibited 
until the least sig- 
nificant 
byte 
($17) is also written. 
The user must 
write 
both bytes (locations) 
if the most significant 
byte is writ- 
ten first. 
A write 
made only to the least significant 
byte 
($17) will 
not inhibit 
the compare 
function. 
The free-run- 


ning 
counter 
is updated 
every 
four 
internal 
bus clock 
cycles. The minimum 
time required 
to update the output 
compare 
register 
1 is a function 
of the program 
rather 
than the internal 
hardware. 


The processor 
can write 
to either 
byte of the output 
compare 
register 
1 without 
affecting 
the other 
byte. The 
output 
level (OLVL 1) bit is clocked 
to the corresponding 
output 
level register 
and then to the TCMP1 pin, regard- 


less of whether 
the output 
compare 
flag (OCF1) is set or 


clear. 


Output 
Compare 
Register 
2 


The output 
compare 
register 
2 (OCR2) is a 16-bit reg- 


ister, which 
is made up of two 8-bit registers 
at locations 


$1E (most significant 
byte) and $1F (least significant 
byte). 


The function 
of OCR2 is identical 
to OCR1, requiring 
only 
changes 
of the register 
locations 
and control 
bits in the 


timer 
status register 
($13) to make the OCR1 description 
apply to OCR2. 


SOFTWARE FORCE COMPARE 


The MCU provides 
a force compare 
capability 
to facil- 


itate fixed 
frequency 
generation 
as well 
as other 
appli- 
cations. 
Bit 3 (FOLVl forOCR1) 
and bit 4 (FOLV2 for OCR21 
in the timer 
control 
register 
($12) implement 
this 
force 
compare. 
Writing 
a one to these 
bits causes the OLVL 1 
or OLVL2 values 
to be copied 
to the 
respective 
output 
registers 
(TCMP1 or TCMP2 pins). Internal 
logic allows 
a 
single instruction 
to change OLVL 1 and OLVL2 and cause 
a forced 
compare 
with 
the 
new 
values 
of OLVl1 
and 
OLVL2. 


A software 
force 
compare, 
which 
affects 
the cor- 


responding 
output 
pin TCMP1 or TCMP2, does not 
affect the compare 
flag; 
thus, it does not generate 
an interrupt. 


INPUT CAPTURE REGISTERS 


There 
are two 
input 
capture 
registers: 
input 
capture 
register 
1 (ICR1) and input 
capture 
register 
2 (lCR2). 


The same 
input 
capture 
interrupt 
enable 
bit (lCIE) 
is used for the two 
input 
capture 
registers. 


Input 
Capture 
Register 
1 


Two 8-bit registers 
that 
make up the 16-bit input 
cap- 
ture register 
1 (ICR1) are read-only 
and are used to latch 


the 
value 
of the 
free-running 
counter 
after 
the 
COrre- 
sponding 
input 
capture 
edge detector 
senses a defined 
transition. 
The level transition 
that triggers 
the counter 
transfer 
is defined 
by the corresponding 
input 
edge bit 
(IEDG1). Reset does not affect the contents 
of the input 
capture 
register. 


The result 
obtained 
by an input 
capture 
will 
be one 
more 
than the value 
of the free-running 
counter 
on the 
rising 
edge of the internal 
bus clock 
preceding 
the ex- 
ternal 
transition. 
This delay 
is required 
for internal 
syn- 


chronization. 
Resolution 
is one count of the free-running 
counter, 
which 
is four 
internal-bus 
clock cycles. 


The free-running 
counter 
contents 
are transferred 
to 
the input 
capture 
register 
on each proper 
signal 
transi- 
tion, 
regardless 
of whether 
the input 
capture 
flag (lCF1) 
is set or clear. The input capture 
register 
always 
contains 
the free-running 
counter 
value, which 
corresponds 
to the 
most 
recent input capture. 
After 
a read of the input 
capture 
register 
1 ($14) most 
significant 
byte, the counter 
transfer 
is inhibited 
until the 
least significant 
byte ($15) is also read. This characteristic 
causes the time used in the input capture software 
routine 
and its interaction 
with 
the main 
program 
to determine 


the minimum 
pulse 
period. 
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A read of the input 
capture 
register 
1 least significant 
byte ($15) does not inhibit 
the free-running 
counter 
trans- 
fer since they occur on opposite 
edges of the internal 
bus 
clock. 


Input 
Capture 
Register 
2 


The input 
capture 
register 
2 (ICR2) is a 16-bit register 
that 
is composed 
of two 
8-bit 
registers 
at locations 
$1C 
(most 
significant 
byte) 
and $1 D (least 
significant 
byte). 
Input capture 
register 
2 functions 
identically 
to input cap- 


ture register 
1, except that only negative 
edge sensitivity 
is available. 
By substituting 
the appropriate 
bits 
in the 
timer 
status 
register 
($13) and substituting 
register 
lo- 
cations, 
the ICR1 description 
applies 
to ICR2. 


TIMER 
CONTROL 
REGISTER 
ITCR) $12 


The TCR is an 8-bit read/write 
register, 
illustrated 
below 
with 
a definition 
of each bit. 


TIMER 
STATUS 
REGISTER 
(TSR) $13 


The TSR is a read-only 
register 
containing 
three status 
flag bits. Bits 4-0 always 
read zero. 


ICIE - 
Input 
Capture 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
OCIE - 
Output 
Compare 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
TOlE - 
Timer 
Overflow 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
FOLV2 - 
Force Output 
Compare 
2 
1 = Forces the OLVL2 bit to the corresponding 
output 
latch 
0= No effect 
FOLV1 - 
Force Output 
Compare 
1 
1 = Forces the OLVL 1 bit to the corresponding 
output 
latch 
0= No effect 
OLVL2 - 
Output 
Level 2 
1 = The value of the output 
level 2 bit, which 
is copied 
to the 
output 
level 
latch 
by the 
next successful 
output 
compare 
2, appears 
at TCMP2 
0= No effect 
IEDG1 - 
Input 
Edge One 
Value 
of input 
edge determines 
which 
level transition 
on TCAP1 pin will trigger 
free-running 
counter 
transfer 
to the input 
capture 
register. 


1 = Positive 
edge 
0= Negative 
edge 
OLVL 1 - 
Output 
Level One 
Value of output 
level, which 
is clocked 
into output 
level 
register 
by the next successful 
output 
compare 
1, will 
appear 
on the TCMP pin. 


1 = High output 
0= Low output 


ICF1 - 
Input Capture 
Flag One 
1 = Flag set when selected 
polarity 
edge is sensed by 
input 
capture 
edge detector 
0= Flag cleared 
when 
TSR and input 
capture 
1 low 
register 
($15) are accessed 
OCF1 - 
Output 
Capture 
Flag One 
1= Flag set when 
output 
compare 
register 
contents 
match 
the free-running 
counter 
contents 
0= Flag cleared when TSR and output 
compare 
1 low 
register 
($17) are accessed 
TOF - 
Timer 
Overflow 
Flag 
1 = Flag set when free-running 
counter transition 
from 
$FFFF to $0000 occurs 
0= Flag cleared 
when 
TSR and counter 
low 
register 


($19) are accessed 
ICF2 - 
Input 
Capture 
Flag Two 
1= Flag set when selected 
polarity 
edge is sensed by 
input 
capture 
2 edge detector 
0= Flag cleared 
when 
TSR and input 
capture 
2 low 
register 
($1 D) are accessed 
OCF2 - 
Output 
Capture 
Flag Two 
1= Flag set when 
output 
compare 
register 
contents 
match 
the free-running 
counter 
contents 
0= Flag cleared 
when 
TSR and output 
compare 
low 
register 
2 ($1 F) are accessed 
Bits 0-2 - 
Not Used 
Can read either 
zero or one. 


TIMER 
DURING 
WAIT 
MODE 


The CPU clock 
halts 
during 
the WAIT 
mode, 
but the 
timer 
remains 
active. An interrupt 
from 
the timer 
causes 
the processor 
to exit the WAIT mode. 


TIMER 
DURING 
STOP MODE 


In the STOP mode, the timer 
stops counting 
and holds 
the last count 
value 
if STOP is exited 
by an interrupt. 
If 
reset is used, the counter 
is forced to $FFFC. During STOP, 
if at least one valid input capture 
edge occurs at the TCAP 
pin, the input 
capture 
detect 
circuit 
is armed. 
This does 
not set any timer 
flags 
or wake 
up the MCU, 
but when 
the MCU does wake 
up, there 
is an active 
input 
capture 
flag and data from 
the first valid edge that occurred 
dur- 
ing the STOP mode. 
If reset is used to exit STOP mode, 


then no input capture 
flag or data remains, 
even if a valid 
input 
capture 
edge occurred. 


Accessing 
the timer 
status 
register 
satisfies 
the 
first 
condition 
required 
to clear status bits. The remaining 
step 
is to access the register 
corresponding 
to the status 
bit. 


A problem 
can occur when using the timer overflow 
func- 
tion and reading the free-running 
counter at random 
times 
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to measure 
an elapsed 
time. 
Without 
incorporating 
the 
proper 
precautions 
into software, 
the timer overflow 
flag 
could 
unintentionally 
be cleared 
if 1) the timer 
status 


register 
is read or written 
when 
TOF is set, and 2) the 


least significant 
byte of the free-running 
counter 
is read 
but not for the purpose 
of servicing 
the flag. 
The counter 
alternate 
register 
at address $1A and $1B 
contains 
the same value as the free-running 
counter 
(at 
address 
$18 and $191; therefore, 
this 
alternate 
register 
can be read at any time without 
affecting 
the timer 
over- 


flow 
flag in the timer 
status 
register. 


A full-duplex 
asynchronous 
SCI is provided 
with 
a 
standard 
NRZ format 
and a variety of baud rates. The SCI 
transmitter 
and receiver are functionally 
independent 
but 
use the same data format 
and baud rate prescaler. 
The 
terms 
baud and bit rate are used synonymously 
in the 
following 
description. 


SCI TWO-WIRE 
SYSTEM 
FEATURES 


• 
Standard 
NRZ (mark space) format 


• 
Advanced 
error detection 
method 
includes 
noise de- 


tection 
for noise duration 
of up to one-sixteenth 
bit 
time 


• 
Full-duplex 
operation 
(simultaneous 
transmit 
and re- 
ceive) 


• 
Software 
programmable 
for one of 32 different 
baud 
rates 


• 
Different 
baud rates possible for transmit 
and receive 


• 
Software-selectable 
word 
length 
(eight- 
or nine-bit 
wordsl 


• 
Separate 
transmitter 
and receiver 
enable bits 


• 
SCI may be interrupt 
driven 
• 
Four separate 
interrupt 
conditions 


SCI RECEIVER 
FEATURES 


• 
Receiver wake-up 
function 
(idle or address 
bit) 


• 
Idle line detect 


• 
Framing 
error detect 


• 
Noise detect 


• 
Overrun 
detect 


• 
Receiver data register 
full flag 


SCI TRANSMITIER 
FEATURES 


• 
Transmit 
data register 
empty 
flag 


• 
Transmit 
complete 
flag 


• 
Break send 


Any SCI two-wire 
system 
requires 
receive data in (RDI) 
and transmit 
data out (TOO). 


DATA 
FORMAT 


Receive data in (RDI) or transmit 
data out (TOOl is the 
serial data presented 
between 
the internal 
data bus and 
the output 
pin (TOO) and between 
the input pin (ROil and 
the internal 
data bus. Data format 
is as shown 
for the 
NRZ in Figure 
11. 


WAKE-UP 
FEATURE 


In a typical 
multiprocessor 
configuration, 
the software 
protocol 
will 
usually 
identify 
the addressee(s) 
at the be- 
ginning 
of the message. To permit 
uninterested 
MPUs to 


ignore the remainder 
of the message, 
a wake-up 
feature 


is included, 
whereby 
all further 
SCI receiver 
flag 
(and 
interrupt) 
processing 
can be inhibited 
until 
its data line 
returns 
to the idle state. An SCI receiver 
is re-enabled 
by 
an idle string of at least ten (or eleven) consecutive 
ones. 


Software 
for the transmitter 
must provide for the required 
idle string 
between 
consecutive 
messages 
and prevent 
it from 
occurring 
within 
messages. 
A second wake-up 
method 
is available 
in which 
sleep- 
ing SCI receivers 
can be awakened 
by a logic one in the 
high-order 
bit of a received 
character. 


RECEIVE DATA 
IN 


Receive data 
in (RDI) is the serial 
data which 
is pre- 


sented from the input 
pin via the SCI to the receive data 
register 
(RDR). While 
waiting 
for a start bit, the receiver 
samples 
the input 
at a rate 16 times 
higher 
than the set 
baud 
rate. This 
increased 
rate is referred 
to as the RT 
rate. When the input (idle) line is detected 
low, it is tested 
for three more sample times. If at least two of these three 
samples 
detect 
a logic 
low, a valid 
start bit is assumed 
to be detected. 
If in two or more samples, 
a logic high is 
detected, 
the line is assumed 
to be idle. The receive clock 
generator 
is controlled 
by the baud rate register 
(see Fig- 
ure 13); however, 
the SCI is synchronized 
by the start bit 
independent 
of the transmitter. 
Once a valid 
start bit is 
detected, 
the start bit, each data bit, and the stop bit are 
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each sampled 
three times. 
The value 
of the bit is deter- 


mined 
by voting 
logic, which 
takes the value of a majority 


of samples. 
A noise flag is set when 
all three samples 
on 


a valid 
start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification 
samples 
do not 


agree. 


START 
BIT DETECTION 
FOLLOWING 
A FRAMING 
ERROR 


If there has been a framing 
error (FE) without 
detection 
of a break (10 zeros for 8-bit format 
or 11 zeros for a 9- 


bit format), 
the circuit 
continues 
to operate 
as if there 


actually 
were a stop bit, and the start edge will 
be placed 


artificially. 
The last bit received 
in the data shift 
register 


is inverted 
to a logic 
one, and the three 
logic-one 
start 
qualifiers 
are forced 
into the sample 
shift register 
during 
the interval 
when 
detection 
of a start 
bit is anticipated; 


therefore, 
the start bit will 
be accepted 
no sooner 
than it 


is anticipated. 


If the 
receiver 
detects 
that 
a break 
(RDRF = 1, FE= 1, 


receiver 
data register = $00) produced 
the framing 
error, 


the start 
bit will 
not 
be artificially 
induced, 
and the 
re- 


ceiver 
must 
actually 
receive 
a logic one before 
start. 


SCI SYNCHRONOUS 
TRANSMISSION 


The 
SCI transmitter 
allows 
a one-way 
synchronous 
transmission, 
with 
the SCLK pin as the clock output. 
No 


clock 
is sent to the SCLK pin during 
the stop and start 
bits. 
The 
LCL bit 
(SSCR1) controls 
whether 
clocks 
are 
active 
during 
the last valid 
data bit (address 
mark). 
The 
CPOL bit selects 
clock polarity, 
and the CPHA bit selects 
the 
phase 
of the 
external 
clock. 
During 
idle, 
preamble, 
and send break, the external 
SCLK clock is not active. 
These 
options 
allow 
the 
SCI to control 
serial 
periph- 
erals consisting 
of shift registers 
without 
losing any func- 
tion 
of the SCI transmitter. 
These 
options 
do not affect 
the SCI receiver, 
which 
is independent 
of the transmitter. 


The SCLK pin works 
in conjunction 
with 
the TDO pin. 


When 
the SCI transmitter 
is disabled, 
the SCLK and the 
TDO pins assume 
a high-impedance 
state. 


NOTE 


THE LBCL, CPOL and CPHA bits must 
be selected 
before 
the transmitter 
is enabled 
to ensure that the 
clocks function 
correctly. 
These bits should 
not be 
changed 
while 
the transmitter 
is enabled. 


TRANSMIT 
DATA 
OUT 


Transmit 
data out 
(TDO) is the 
serial 
data 
presented 
from 
the transmit 
data register 
(TDR) via the SCI to the 
output 
pin. The transmitter 
generates 
a bit time by using 


a derivative 
of the 
RT clock, 
producing 
a transmission 
rate equal 
to one-sixteenth 
that 
of the receiver 
sample 


clock 
(if the 
same 
baud 
rate 
is used 
for 
transmit 
and 
receive). 


FUNCTIONAL 
DESCRIPTION 


A block diagram 
of the SCI is shown 
in Figure 
12. The 
user has option 
bits in the serial communications 
control 


register 
1 (SCCR1) to determine 
the SCI wake-up 
method 


and 
data 
word 
length. 
Serial 
communications 
control 


register 
2 (SCCR2) provides 
control 
bits that individually 
enable/disable 
the transmitter 
or receiver, 
enable system 
interrupts, 
and provide 
wake-up 
enable, 
and send break 


code 
bits. The baud 
rate register 
bits allow 
the user to 
select 
different 
baud 
rates 
for 
the 
transmitter 
and 
re- 


ceiver. 


Data transmission 
is initiated 
by a write 
to the serial 


communications 
data 
register 
(SCDAT). 
Provided 
the 
transmitter 
is enabled, 
data stored 
in the SCDAT is trans- 
ferred to the transmit 
data shift register. 
This data transfer 
sets the SCI status register 
(SCSR) transmit 
data register 


empty 
(TDRE) bit and generates 
an interrupt 
if the trans- 


mit interrupt 
is enabled. 
Data transfer 
to the transmit 
data 


shift 
register 
is synchronized 
with 
the bit rate clock. All 
data 
is transmitted 
LSB first. 
Upon 
completion 
of data 
transmission, 
the transmission 
complete 
(TC) bit is set 
(provided 
no pending 
data, 
preamble, 
or break code 
is 


sent), and an interrupt 
is generated 
if the transmit 
com- 


plete 
interrupt 
is enabled. 
If the transmitter 
is disabled, 


and the data, preamble, 
or break code has been sent, the 


TC bit will 
also be set, which 
will 
also generate 
an inter- 
rupt if the TCIE bit is set. If the transmitter 
is disabled 
in 
the middle 
of a transmission, 
that character 
will 
be com- 


pleted before the transmitter 
gives up control 
of the TDO 
pin. 
When the SCDAT is read, it contains 
the last data byte 
received, 
provided 
that the receiver 
is enabled. 
The SCSR 
receive data register 
full (RDRF) bit is set to indicate 
that 
a data byte is transferred 
from 
the input 
serial shift 
reg- 
ister to the SCDAT, which 
can cause an interrupt 
if the 
receiver 
interrupt 
is enabled. 
Data transfer 
from the input 
serial shift 
register 
to the SCDAT is synchronized 
by the 
receiver 
bit rate clock. The SCSR overrun 
(OR), noise flag 


(NF), or FE bits are set if data reception 
errors 
occur. 


An idle line interrupt 
is generated 
if the idle line inter- 
rupt is enabled 
and the SCSR IDLE bit (which 
detects 
idle 
line transmission) 
is set. This allows 
a receiver 
that is not 


in the wake-up 
mode to detect the end of a message, 
the 


preamble 
of a new 
message, 
or to resynchronize 
with 
the transmitter. 
A valid character 
must be received 
before 
the idle line condition 
for the IDLE bit to be set and for 
an idle line interrupt 
to be generated. 


REGISTERS 


There 
are five 
registers 
used in the SCi; the 
internal 


configuration 
of these 
registers 
is discussed 
in the fol- 
lowing 
paragraphs. 


Serial 
Communications 
Data 
Register 
(SCDAT) 
$11 


The SCDAT is a read/write 
register 
used to receive and 
transmit 
SCI data. 


As shown 
in Figure 
12, SCDAT functions 
as two 
sep- 
arate registers. 
The transmit 
data register 
(TDR) provides 
the 
parallel 
interface 
from 
the 
internal 
data 
bus to the 
transmit 
shift 
register. 
The 
receive 
data 
register 
(RDR) 
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TRANSMIT 
DATA 


REGISTER 


TRANSMIT 
DATA 
TOO 
SHIFT 
PIN 
REGISTER 


NOTE: 
The 
Serial 
Communications 
Data 


Register 
ISCI SCDAn 
is controlled 
by the in- 


ternal AJW signal. It is the transmit data reg- 
ister when written 
and receive data register 


when read. 


CLOCK EXTRACTION 
PHASE AND 
POLARITY 
CONTROL 


• 


$OF 
SCCR2 


TIE 
TCIE 
RIE 
IliE 


TE 


RE 


BK 


RWU 


RECEIVE 
DATA 
REGISTER 


RECEIVE 
DATA 
SHIFT 
REGISTER 


• 


provides 
the 
interface 
from 
the receive 
shift 
register 
to 
the internal 
data bus. 


Serial 
Communications 
Control 
Register' 
(SCCR') 
SOE 


The SCCR1 provides 
control 
bits that determine 
word 
length, 
select the wake-up 
method, 
and control 
the op- 
tions 
to output 
the 
transmitter 
clocks 
for 
synchronous 
transmissions. 


The CPOL bit should 
not be changed with the trans- 


mitter 
active. 


CPHA - 
Clock Phase 


Selects the clock phase sent to the SCLK pin. 


1= SCLK line activated 
at the beginning 
of the data 
bit 


0= SCLK line activated 
in the middle 
of the data bit 


(see Figures 
13 and 14) 


The 
CPHA 
bit 
should 
not 
be changed 
with 
the 
transmitter 
active. 


LBCL - 
Last Bit Clock 


Selects whether 
the clock associated 
with the last data 
bit transmitted 
is output 
to the SCLK pin. 


1 = Last data bit output 


0= Last data bit not output 


The last data bit is the eighth 
or ninth bit. depend- 


ing on whether 
an 8- or 9-bit format 
is used (see 
Table 5). 


The 
LCBL bit 
should 
not 
be changed 
while 
the 
transmitter 
is enabled. 


Bit 5 - 
Not used. 


Can be either 
1 or O. 


R8 - 
Receive 
Data Bit 8 


R8 bit provides 
storage 
location 
for the ninth 
bit in the 
receive 
data byte (if M = 1). 


T8 - 
Transmit 
Data Bit 8 


T8 bit provides 
storage 
location 
for the ninth 
bit in the 
transmit 
data byte (if M = 1). 


M - 
SCI Character 
Word 
Length 


1 = one start bit, nine data bits, one stop bit 


0= one start bit. eight 
data bits, one stop bit 


WAKE - 
Wake-Up 
Select 


Wake 
bit selects the receiver 
wake-up 
method. 


1= Address 
bit (most 
significant 
bit) 


0= Idle line condition 


CPOL - 
Clock Polarity 


Selects 
the clock polarity 
sent to the SCLK pin. 


, = Steady 
state 
high outside 
the transmission 
win- 


dow 


0= Steady 
state 
low 
outside 
the transmission 
win- 
dow 


Data 
Number of 
M Bit 
LBCL Bit 
Clocks on 
Format 
SCLK Pin 


8 Bit 
0 
0 
7 


8 Bit 
0 
1 
8 


9 Bit 
1 
0 
8 


9 Bit 
1 
1 
9 


IDLE OR 


PRECEOING 
TRANSMISSION 


CLOCK 


ICPOL ~ 0 CPHA = 01 


M=OU 
OATA BIT 
STOP 
IOLEOR 
---------------·~'I----- 
i 
: 
NEXT TRANSMISSION 
I 


CLOCK 


(CPOL~O 
CPHA= 11 


CLOCK 


ICPOL = 1 CPHA = 01 


CLOCK 


ICPOL = 1 CPHA = I) 


MSB STOP 


*LBCL Bit Controls Last Data Clock 
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IDLE OR 


PRECEOING 
TRANSMISSION 


CLOCK 


ICPOL = 0 CPHA = 01 


START 
~I-I 
I 
I 


I 
I 


STOP 
IOLE OR 


~I~- 


: 
I NEXT TRANSMISSION 
I 


CLOCK 


(CPOL = 0 CPHA = 11 


CLOCK 


ICPOL = 1 CPHA = 01 


CLOCK 


ICPOL = 1 CPHA = 11 


o 


START LSB 


8 


MSB STOP 


The address 
bit is dependent 
on both the wake-bit 
and 
the 
M-bit 
level. 
Additionally, 
the 
receiver 
does 
not 
use 
the wake-up 
feature 
unless 
the RWU control 
bit in SCCR2 
is set. 


Wake 
M 
Receiver Wake-Up 


0 
X 
Detection of an idle line allows the next data 


byte received 
to cause the receive 
data reg· 


iste, to fill and produce an RDRFflag. 
, 
0 
Detection of a received one in the eighth 
data bit allows an RDRFflag and associated 
error flags. 


1 
, 
Detection 
of a received 
one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 


Serial 
Communications 
Control 
Register 
2 (SCCR2) SOF 


The SCCR2 provides 
control 
of individual 
SCI functions 


such 
as 
interrupts, 
transmitlreceive 
enabling, 
receiver 
wake-up, 
and break 
code. 


TIE - 
Transmit 
Interrupt 
Enable 
1 = SCI interrupt 
enabled, 
provided 
TDRE is set 
0= TDRE interrupt 
disabled 
TCIE - 
Transmit 
Complete 
Interrupt 
Enable 
1 = SCI interrupt 
enabled, 
provided 
TC is set 
0= TC interrupt 
disabled 


RIE - 
Receive 
Interrupt 
Enable 
1 = SCI interrupt 
enabled, 
provided 
OR or RDRF is set 
0= RDRF and OR interrupts 
disabled 
ILiE - 
Idle Line Interrupt 
Enable 
1 = SCI interrupt 
enabled, 
provided 
IDLE is set 
0= Idle interrupt 
disabled 
TE - 
Transmit 
Enable 
1 = Transmit 
shift 
register 
output 
is applied 
to the TDO 


line, and the corresponding 
clocks 
are applied 
to 
the SCLK pin. Depending 
upon 
the SCCR1 M bit, 


a preamble 
of 10 (M =0) or 11 (M = 1) consecutive 


ones 
is transmitted. 


0= Transmitter 
disabled 
after 
last 
byte 
is loaded 
in 
the 
SCDA T and 
TDRE 
is set. 
After 
last 
byte 
is 
transmitted, 
TDO line becomes 
a high-impedance 


line. 
RE - 
Receive 
Enable 
1 = Receiver 
shift 
register 
input 
is applied 
to the 
RDI 
line. 


0= Receiver 
disabled 
and 
RDRF, IDLE, OR, NF, and 
FE status 
bits are inhibited. 


RWU - 
Receiver 
Wake-Up 
1 = Places receiver 
in sleep 
mode 
and enables 
wake- 


up function 


0= Wake-up 
function 
disabled 
after 
receiving 
data 
word 
with 
MSB set (if WAKE = 1) 


Wake-up 
function 
also disabled 
after 
receiving 
10 
(M =0) or 11 (M = 1) consecutive 
ones (if WAKE =0) 


SBK - 
Send 
Break 
1 = Transmitter 
continually 
sends 
blocks 
of zeros (sets 


of 
10 or 
111 until 
cleared_ 
Upon 
completion 
of 
break code, transmitter 
sends one high bit for rec- 
ognition 
of valid 
start 
bit. 


0= Transmitter 
sends 
10 (M = 0) or 11 (M = 1) zeros 
then 
reverts 
to an idle state or continues 
sending 
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data. 
If transmitter 
is empty 
and idle, setting 
and 
clearing 
the 
SBK bit may 
queue 
up to two 
char- 


acter times 
of break because 
the first 
break trans- 
fers 
immediately 
to 
the 
shift 
register, 
and 
the 
second 
is queued 
into the parallel 
transmit 
buffer. 


Serial 
Communications 
Status 
Register 
(SCSRI $10 


The 
SCSR 
provides 
inputs 
to the 
SCI interrupt 
logic 
circuits. 
Noise 
flag 
and 
framing 
error 
bits 
are also 
con- 


tained 
in the 
SCSR. 


TORE - 
Transmit 
Data Register 
(TOR) Empty 


1 = TOR contents 
transferred 
to the transmit 
data shift 


register 
0= TOR still contains 
data. TORE is cleared 
by reading 
the SCSR, followed 
by a write 
to the TOR. 


TC - 
Transmit 
Complete 


1 = Indicates 
end 
of data 
frame, 
preamble, 
or break 
condition 
has occurred 
if: 


1. TE = 1, TORE = 1, and no pending 
data, pream- 


ble or break 
is to be transmitted; 
or 


2. TE = 0 and the data 
preamble 
or break 
(in the 


transmit 
shift 
register) 
has been transmitted. 


0= TC bit cleared 
by reading 
the SCSR, followed 
by 
a write 
to the TOR 
The TC bit is a status 
register 
that 
indicates 
one of 
the above 
conditions 
has occurred. 
It does 
not in- 


hibit 
the transmitter 
in any way. 


RDRF - 
Receive 
Data Register 
(RDR) Full 
1 = Receive 
data shift 
register 
contents 
transferred 
to 


the 
RDR 
0= Receive 
data 
shift 
register 
transfer 
did not occur. 


RDRF is cleared 
by reading 
the 
SCSR, followed 


by a read of the 
RDR 
IDLE - 
Idle Line Detect 
1 = Indicates 
receiver 
has detected 
an idle 
line 


0= IDLE is cleared 
by reading 
the SCSR, followed 
by 
a read 
of the 
RDA. 
Once 
IDLE 
is cleared, 
IDLE 


cannot 
be set until 
RDI line 
becomes 
active 
and 
idle 
again. 
OR - 
Overrun 
Error 
1 = Indicates 
receive 
data shift 
register 
data 
is ready 
to be sent to a full 
RDR (RDRF = 1). Data causing 


the overrun 
is lost, and RDR data is not disturbed. 


0= OR is cleared 
by reading 
the 
SCSR, followed 
by 
a read of the 
RDR. 


NF - 
Noise 
Flag 
1 = Indicates 
noise 
is present 
on the receive 
bits, 
in- 


cluding 
the start 
and stop 
bits. 
NF is not set until 
RDRF=1. 


0= NF is cleared 
by reading 
the SCSR, followed 
by 
a read of the 
RDR. 


FE - 
Framing 
Error 
1 = Indicates 
stop 
bit 
not 
detected 
in received 
data 
character. 
FE is set the same 
time 
RDRF is set. If 
received 
byte 
causes 
both 
framing 
and 
overrun 


errors, 
processor 
will 
only 
recognize 
the overrun 


error. 
Further 
data transfer 
into the RDR is inhib- 
ited until 
FE is cleared. 
0= FE is cleared 
by reading 
the SCSR, followed 
by a 
read of the RDR. 


Bit 0 - 
Not used 
Can read either 
one or zero 


Baud Rate Register $00 


The baud 
rate register 
selects 
the SCI transmitter 
and 


receiver 
baud rate. The SCPO and SCP1 prescaler 
bits are 


used in conjunction 
with 
the SCR2-SCRO 
bits to generate 
the 
receiver 
baud 
rate 
and 
in conjunction 
with 
the 


SCT2-SCTO 
baud 
rate 
bits 
to 
generate 
the 
transmitter 
baud 
rate. 


Tables 
6 and 7 tabulate 
the divide 
chain 
used to obtain 
the baud 
rate clock 
(transmit 
or receive 
clock). The actual 


divider 
chain 
is controlled 
by the combined 
SCP1-SCPO 
and SCR2-SCRO 
or SCT2-SCRO 
bits in the baud 
rate reg- 
ister. The divided 
frequencies 
shown 
in Table 6 represent 


the 
final 
baud 
rate that 
results 
from 
prescaler 
clock 
di- 
vision 
only 
(SCR or SCT bits 
all zero). 
Table 
7 lists 
the 
prescaler 
output 
frequency 
divided 
by the action 
of the 


SCR or SCT bits. 


For example, 
assume 
that 
a 9600-Hz 
baud 
rate is de- 


sired 
from 
a 2.4576-MHz 
system 
clock 
cry tal. 
The pres- 


caler bits could 
be set for either 
a divide-by-one 
or divide- 


by-four. 
If a divide-by-four 
prescaler 
is used, then the SCR 


and 
SCT bits 
must 
be set for 
divide-by-two. 
The same 


result, 
using 
the same crystal 
frequency, 
can be obtained 


with 
a prescaler 
divide-by-one 
and 
SCR and SCT bit di- 
vide-by-eight. 


SCP1-SCPO 
- 
SCI Prescaler 
Bit 1 and 0 
These 
two 
prescaler 
bits 
are 
used 
to 
increase 
the 
range 
of standard 
baud 
rates 
controlled 
by the 


SCT2-SCTO 
and SCR2-SCRO 
bits. 
Prescaler 
internal 


processor 
clock 
division 
versus 
bit levels 
are shown 
in Table 
6. 


SCT2-SCTO 
- 
SCI Transmit 
Baud 
Rate Selection 
Bits 


These 
three 
bits, 
taken 
in 
conjunction 
with 
bits 


SCP1-SCPO, 
are used to select the SCI transmit 
baud 
rate. 
Baud 
rates versus 
bit levels 
are listed 
in Table 
7. 


SCR2-SCRO 
- 
SCI Recieve 
Baud 
Rate Selection 
Bits 


These 
three 
bits, 
taken 
in 
conjunction 
with 
bits 


SCP1-SCPO, 
are used to select 
the SCI receive 
baud 
rate. 
Baud 
rates versus 
bit levels 
are listed 
in Table 


7. 


Load 
Program 
in RAM and Execute 


This function 
is entered 
if the following 
conditions 
are 


met when 
reset 
is released: 


IRQ is at VDD + 4 V for at least two 
machine 
cycles 
after 
reset 
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SCP Bit 
Clock' 
Crystal Frequency MHz 


1 
0 
Divided By 
4.194304 
4.0 
2.4576 
2.0 
1.8432 


0 
0 
1 
131.072 kHz 
125.000 kHz 
76.80 
kHz 
62.50 
kHz 
57.60 kHz 
0 
1 
3 
43.691 kHz 
41.666 kHz 
25.60 
kHz 
20.833 kHz 
19.20 kHz 
1 
0 
4 
32.768 kHz 
31.250 kHz 
19.20 
kHz 
15.625 kHz 
14.40 kHz 


1 
1 
13 
10.082 kHz 
9600 Hz 
5.907 kHz 
4800 Hz 
4430 Hz 


*Refers to the internal processor clock. 


NOTE: The divided 
frequencies 
shown in Table 6 represent baud rates which are the highest transmit 
baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 


SCRfT Bits 
Divided 
Representative 
Highest Prescaler Baud Rate Output 


2 
1 
0 
By 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 


0 
0 
0 
1 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 
0 
0 
1 
2 
65.536 kHz 
16.384 kHz 
38.40 kHz 
9600 Hz 
4800 Hz 
0 
1 
0 
4 
32.768 kHz 
8.192 kHz 
19.20 kHz 
4800 Hz 
2400 Hz 
0 
1 
1 
8 
16.384 kHz 
4.096 kHz 
9600 Hz 
2400 Hz 
1200 Hz 
1 
0 
0 
16 
8.192 kHz 
2.048 kHz 
4800 Hz 
1200 Hz 
600 Hz 
1 
0 
1 
32 
4.096 kHz 
1.024 kHz 
2400 Hz 
600 Hz 
300 Hz 


1 
1 
0 
64 
2.048 kHz 
512 Hz 
1200 Hz 
300 Hz 
150 Hz 


1 
1 
1 
128 
1.024 kHz 
256 Hz 
600 Hz 
150 Hz 
75 Hz 


NOTE: Table 7 illustrates 
how the SCI select bits can be used to provide lower transmitter 
or receiver baud rates by further dividing 
the prescaler output frequency. The five examples are only representative samples. In all cases, the baud rates shown are 
transmit 
baud rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 


TCAP1 
is at VDD 
for at least two 
machine 
cycles 
atter 


reset 
PD3 is at VDD for at least 30 machine 
cycles 
after 
reset 
PD4 is at VSS for at least 30 machine 
cycles 
after 
reset 


User programs 
are loaded 
into RAM using 
the SCI port 
and then 
executed. 
Data is loaded 
sequentially, 
starting 
at RAM location 
$50, until the last byte is loaded. 
Program 


control 
is then 
transferred 
to the 
RAM 
progam 
starting 
at location 
$51. The first 
byte 
loaded 
is the count 
of the 
number 
of bytes 
in the program 
plus the count 
byte. The 
program 
starts 
at the 
second 
byte 
in the 
RAM. 
During 


firmware 
initialization, 
the SCI is configured 
for the NRZ 
format 
(idle 
line, 
eight 
data 
bits, 
and stop 
bit). The baud 


rate is 9600 with 
a 4-MHz crystal. 
Figure 
15 shows 
a sche- 
matic 
for the load program 
in RAM and execute 
function. 
Immediate 
execution 
can 
be avoided 
by 
setting 
the 
byte 
count 
to 
a value 
greater 
than 
the 
length 
of 
data 


loaded, 
which 
causes 
the firmware 
to wait 
for additional 


data 
atter 
loading 
is complete. 
Resetting 
the 
MCU 
then 


allows 
entering 
any routine 
without 
disturbing 
the RAM 
data that 
was 
loaded. 


Jump 
to Any 
Address 


This function 
is entered 
if the following 
conditions 
are 
met when 
reset 
is released: 


IRQ is at VDD + 4 V for at least two 
machine 
cycles 
atter 
reset 


TCAP1 
is at VDD 
for at least two 
machine 
cycles 
after 


reset 


PD3 is at VDD for at least 30 machine 
cycles 
after 
reset 
PD4 is at VDD 
for at least 30 machine 
cycles 
after 
reset 
To execute 
the 
jump 
to any 
address 
function, 
port 
A 
data 
input 
should 
be $CC, and 
port 
Band 
C should 
be 
the 
MSB 
and 
LSB, respectively, 
of the 
address 
desired 


for the jump. 
Figure 
16 shows 
a schematic 
for the jump 


function. 


The 
pulse-length 
D/A 
converter 
(PLM) 
works 
in con- 
junction 
with 
the timer 
to execute 
two 
8-bit 
conversions 
with 
a choice 
of two 
repetition 
rates. 
The 
outputs 
are 
pulse-length 
modulated 
signals 
whose 
duty-cycle 
ratio 
may 
be modified. 
These 
signals 
can be used 
directly 
as 


PLMS, or the filtered 
average 
values 
can be used as gen- 
eral-purpose 
analog 
outputs. 
Registers 
PLMA 
and 
PLMB 
contain 
the 
pulse-length 


values 
for the two 
PLMs. A value 
of $00 results 
in a con- 
tinuously 
low output 
from 
the 0 A. A value 
of $80 results 
in a 50-percent 
duty-cycle 
output, 
and a value 
of $FF gives 


an output 
that 
is a logic 
1 for 255/256 
of the cycle. 
When 
the 
MCU 
writes 
to the 
PLMA 
or PLMB 
register, 
the 
D'A 
picks 
up the new value 
at the end of a complete 
conver- 
sion 
cycle 
so that 
a monotonic 
change 
in the 
dc com- 


ponent 
of 
the 
output 
results. 
This 
monotonic 
change 
avoids 
overshoots 
or vicious 
starts 
(a vicious 
start 
is an 
output 
that gives totally 
erroneous 
output 
during 
the first 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-733 


GNO 


.5 
V 


10nFI 
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10K 
10 
- 
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16 
OSCI 
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15 
- 
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RS232 
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SUGGESTED: 
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11 
52 


~ 


MC145486 
OR MAX232 
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TCAPI 
22 


24 
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VRH 
25 
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26 
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VRl 
21 
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28 
PA3 
NC 
40 


29 
PA2 
30 
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20 


31 
::> 
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~ 
z 
z 
21 
0 
0 
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5 
3 


on 
u 
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~ 
'" 
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<t 


<t 
33 
~ 
52 
w 
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i= 
i= 
34 
PS5 
"' 
"' 
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PS4 
50 
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36 
Rol 
!!j 
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w 
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2 
3 
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2 
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<t 
.... 


.... 
u 
u 
TCMP 
I 
z 
z 
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S 


42 
8 


43 


PCI 


PC6 


44 
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POI 
3 


45 
PC4 
P06 
4 


46 
PC3 
P05 
5 


41 
PC2 
P02 
12 


48 
PCI 
POI 
13 


49 
PCO 
POO 
14 


VSS 


41 


NOTE: Pin numbers are valid for 52-pin PLCCpackage only. 


Figure 15. Load Program 
in RAM and Execute 
Diagram 
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NOTE: 
Pin 
numbers 
are 
valid 
for 
52-Pin 
PLCC 
Package 
only. 


Figure 16. Jump 
to Any Address 
Diagram 
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cycle 
following 
an update 
of the 
registers). 
WAIT 
mode 
does 
not affect 
the output 
waveform 
of the D/A convert- 


ers. 


NOTE 


Since the PLM system 
uses the timer 
counter, 
PLM 
results 
will 
be 
affected 
while 
resetting 
the 
timer 


counter. 


PLMA 
(OA) 


7 
6 


PLMB 
(OB) 


7 
6 


Miscellaneous 
IOC) 


7 
6 
5 


SFA - 
Slow/Fast 
Control 
for 
PLMA 
Clock 


1; 
Slow 
speed 
of PLMA 
used 
(4096 times 
the timer 


clock 
period) 
0; 
Fast speed 
of 
PLMA 
used 
(256 times 
the 
timer 
clock 
period) 
SFB - 
Slow/Fast 
Control 
for PLMB Clock 


1 ; Slow 
speed 
of PLMB 
used 
(4096 times 
the timer 
clock 
period) 
0; 
Fast speed 
of 
PLMB 
used 
(256 times 
the 
timer 
clock 
period) 


The highest 
speed 
of the PLM system 
corresponds 
to the frequency 
of the TOF bit being 
set, multiplied 


by 256. The slowest 
speed 
of the PLM system 
cor- 


responds 
to the frequency 
of the TOF bit being 
set, 


multipled 
by 16. 
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The SFA and SFB bits are not double 
buffered; 
there- 
fore, these bits must be selected 
before 
writing 
to either 
PLM register 
to avoid temporary 
wrong 
values from 
the 


PLM outputs. 
Figure 1B shows some examples 
of the PLM 


output 
waveforms. 


The AID converter 
system 
consists 
of an B-bit succes- 
sive 
approximation 
converter 
and 
a 16-channel 
multi- 
plexer. Eight of the channels 
are available 
for output, 
and 


the 
other 
eight 
channels 
are dedicated 
to internal 
test 


functions. 
There is one B-bit result data register 
(address 


SOB) and one B-bit statuslcontrol 
register 
(address 
$09). 


NOTE 


In the 4B-pin 
dual-in-line 
package, 
the fixed 
input 
port (D) of the MC6BHC05B4 
is reduced 
to six pins 
(PD5-PDO, 
AN5-ANO). 
This change 
has not effect 
on either 
programming 
or operating 
of port 
0 or 


the AID converter. 


The reference 
supply 
for the converter 
uses dedicated 


input 
pins 
instead 
of the 
power 
supply 
lines, 
because 
drops caused by loading 
in the power 
supply 
lines would 


degrade 
the accuracy 
of the AID conversion. 
An internal 
RC oscillator 
is available 
if the bus speed 
is low enough 


to degrade 
the AID accuracy. 
An ADON bit allows 
the AI 


o to be switched 
off to reduce power consumption, 
which 


is particularly 
useful 
in the WAIT mode. 


For ratiometric 
conversions, 
the source of each analog 


input 
should 
use VRH as the supply 
voltage 
and be ref- 


erenced 
to VRL. An input 
voltage 
greater 
than 
or equal 


to VRH converts 
as $FF (full scale) with 
no overflow 
in- 


dication. 
An input 
voltage 
equal to VRL converts 
as $00. 


The conversion 
is monotonic 
with 
no missing 
codes. 


AID STATUSICONTROL 
REGISTER ($09) 


6 
5 
4 
3 
2 


coco - 
Conversion 
Complete 
1= Conversion 
is complete; 
a new result can be read 
from 
the result 
data register 
($OB). 


0= No conversion 
since last reset 
ADRC - 
AID RC Oscillator 
Control 
1= AID uses RC clock 
0= AID uses CPU clock 
When 
the RC oscillator 
is turned 
on, it requires 
a 
time tadrc to stabilize, 
and results 
can be inaccur- 
ate during 
this time. 
ADON -AID 
On 
1= AID enabled 
0= AiD disabled 
When the AID is turned on, it requires a time tADON 
for the current 
sources 
to stabilize, 
and results 
can 
be inaccurate 
during 
this time. 


CH3-CHO - 
Channel 
3 through 
Channel 
0 
These 
bits 
select the AID channel 
assignment 
(see 
Table B). 


Using 
one or more 
pins of PD7IAN7-PDOIANO 
as 


analog 
inputs 
does not affect the ability 
to use port 
o inputs 
as digital 
inputs. 
However, 
using 
port 
0 
for digital 
inputs 
during 
an analog 
conversion 
se- 
quence 
may inject 
noise on the analog 
inputs 
and 
reduce the accuracy 
of the AID result. 


Performing 
a digital 
read of port 
0 with 
levels 
other than VDD or VSS on the inputs causes greater 
than normal 
power 
dissipation 
during 
the read and 
may give erroneous 
results. 


The MCU instruction 
set can be divided 
into 
five 
dif- 


ferent types: 
register/memory, 
read-modify-write, 
branch, 


bit manipulation, 
and control. 
The following 
paragraphs 
briefly 
explain 
each type. 


This 
MCU 
uses 
all 
the 
instructions 
available 
in the 
M146B05 
CMOS 
Family 
plus 
one 
more: 
the 
unsigned 


I 
I 
"~ 
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CH3 
CHZ 
CHl 
CHO 
Channel Selected 


0 
0 
0 
0 
ANO, Port 0 Bit 0 
0 
0 
0 
, 
AN', Port 0 Bitl 
0 
0 
1 
0 
AN2, Port 0 Bit 2 
0 
0 
1 
1 
AN3, Port 0 Bit 3 


0 
1 
0 
0 
AN4. Port 0 Bit 4 
0 
1 
0 
1 
AN5, Port 0 Bit 5 
0 
1 
1 
0 
AN6, Port 0 Bit 6 
0 
1 
1 
, 
AN7, Port 0 Bit7 


1 
0 
0 
0 
VRH Pin (High) 
, 
0 
0 
1 
((VRH)+ (VRLI)/2 
1 
0 
1 
0 
VRL Pin (Low) 
1 
0 
1 
1 
VRL Pin (Low) 


1 
1 
0 
0 
VRL Pin (Low) 
, 
, 
0 
1 
VRL Pin (Low) 
1 
, 
1 
0 
VRL Pin (Low) 


1 
1 
1 
, 
VRL Pin (Low) 


multiply 
(MUL) 
instruction. 
This 
instruction 
allows 
un- 
signed 
multiplication 
of the contents 
of the accumulator 
(A) and the index 
register 
(X). The high-order 
product 
is 
then stored 
in the index register, 
and the low-order 
prod· 


uct is stored 
in the accumulator. 
A detailed 
definition 
of 
the MUL 
instruction 
is shown 
below. 


Operation 
X:AtXxA 


Description 
Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16·bit unsigned number in the concatenated 
accumulator 
and 
index 
register 


Condition 
H: Cleared 
Codes 
I: Not affected 
N: Not affected 
z: Not affected 
C: Cleared 


Source 
MUL 
Formls) 


Addressing 
Cycles 
Bytes 
Opcode 
Mode 


L'nherent 
11 
, 
$42 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two operands. 
One op- 


erand is either the accumulator.or 
the index register. 
The 


other operand 
is obtained 
from 
memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) instructions 
have 
no register 
operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LOA 


Load X from Memory 
LOX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
AOC 


Function 
Mnemonic 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 
tion is met; otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer to the fol- 


lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
BHS 


Branch if Carry Set 
BCS 


Branch if Lower 
BLO 


Branch if Not Equal 
BNE 


Branch if Equal 
BEG 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt Mask Bit is Clear 
BMC 


Br.nch if Interrupt Mask Bit is Set 
BMS 


Branch 
if Interrupt 
Line 
is Low 
BIL 


Branch if Interrupt Line is High 
BtH 


Branch to Subroutine 
BSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or Clearing any writable 


bit which 
resides 
in the first 
256 bytes 
of the 
memory 


space where 
all port 
registers, 
port 
DDRs, timer, 
timer 
control, 
ROM, 
and 
on-chip 
RAM 
reside. 
An 
additional 
feature allows the software 
to test and branch on the state 


of any bit within 
these 256 locations. 
The bit set, bit clear 
and bit test, and branch 
functions 
are all implemented 
with a single instruction. 
For test and branch 
instructions, 
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the value 
of the bit tested 
is also placed 
in the carry 
bit 


of the condition 
code register. 
Refer to the following 
list 


for bit manipulation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSETn (n = 0 . .. 7) 


Branch if Bit n is Clear 
BRCLRn (n = 0 . .. 7) 


Set Bit n 
BSET n (n =0. 
.7) 


Clear Bit n 
BCLRn In = o. .. 71 


READ-MODIFY 
-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 
ister, modify 
or test its contents, 
and write 
the modified 
value 
back to 
memory 
or to the 
register. 
The test 
for 
negative 
or zero (TSTI instruction 
is an exception 
to the 
read-modify-write 
sequence 
since it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (Twos Complementl 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic Shift Right 
ASR 


Test for Negative or Zero 
TST 


Multiply 
MUL 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer to the 
following 
list for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt Mask Bit 
SEI 


Clear Interrupt Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


Function 
Mnemonic 


No-Operation 
NOP 


Stop 
STOP 


Wait 
WAIT 


OPCODE 
MAP SUMMARY 


Table 9 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU uses ten different 
addressing 
modes 
to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
The various 
indexed 
addressing 


modes 
make it possible 
to locate data tables, 
code con- 
version 
tables, 
and scaling 
tables anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions; 
the longest 
instructions 
(three bytesl 
permit 


accessing 
tables throughout 
memory. 
Short and long ab- 
solute 
addressing 
is also included. 
One- or two-byte 
di- 


rect addressing 
instructions 
access all data bytes in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach all memory. 


The term "effective 
address" 
(EA) is used in describing 


the various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., a 


constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct 
addressing 
mode, the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows 
the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 


two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 


of the argument 
is contained 
in the two 
bytes following 


the opcode 
byte. Instructions 
with 
extended 
addressing 
mode are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with a single three-byte 
instruction. 
When using 


the Motorola 
assembler, 
the user need not specify whether 


an instruction 
uses direct 
or extended 
addressing. 
The 


assembler 
automatically 
selects the shortest 
form 
of the 


instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed 
byte It he offset) following 
the opcode 
is ~dded 
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• 


BttMllni 
Iition 
Brllnch 
Reld·Modifv·Write 
Control 
Reaister/Memorv 


BTB 
BSC 
REL 
DIR 
INH 
INH 
IX' 
IX 
INH 
INH 
IMM 
DIR 
EXT 
IX2 
IX' 
IX 


~ 


0 
, 
2 
3 
• 
5 
6 
7 
8 
9 
A 
B 
C 
0 
E 
F 
%סס oo 
..., 
.... 
.." 
.... 
0101 
0110 
0111 
,... 
,.., 
1010 
1011 
".. 
1101 
1110 
1111 


0 
, 
, 
) 
, 
) 
) 
. 
, 
, 
, 
J 
, 
, 
, 
J 
0 


סס oo 
BRSETo 
BSETO 
BRA 
NEG 
NEGA 
NEGX 
NEG 
NEG 
RT! 
SUB 
SUB 
SUB 
SUB 
SUB 
SUBסס oo 
) 
BT81 
'S< , 
RH] 
DIR 
, 
Ifo.H 1 
!~tl 1 
UI1I 
" , 
'N' 
, 
IMM 1 
OIR 
J 
EIIT 
:J 
IX2] 
110 I 
" 


1 
, 
, 
) 
" 
, 
) 
, 
, 
, 
, 


1 


00•• 
BRClRO 
BClRO 
BRN 
RTS 
CMP 
CMP 
CMP 
CMP 
CMP 
CMP 
...' 
) 
BT81 
sse} 
'" 


, 
'N' 
, 
IMM 1 
DIIlJ 
EXT 
3 
1)(]1 
IX11 
" 


2 
, 
, 
) 
" 
, 
J 
, 
, 
, 
) 
2 


00 •• 
BRSETl 
BSETl 
BHI 
MUL 
SBC 
SBC 
SBC 
sBC 
sBC 
SBC 
00" 
) 
B181 
.5<: , 
'" 
, 
'N' 
, 
IMM] 
OIR 
~ 
El(T] 
110 
] 
11111 
" 


3 
, 
, 
) 
, 
J 
J 
, 
.. 
, 
J 
, 
, 
, 
) 
3 


00" 
BRClAl 
BeLAl 
Bls 
COM 
COMA 
COMX 
COM 
COM 
sWI 
CPX 
CPX 
CPX 
CPX 
CPX 
CPX 


00" 
) 
BTBl 
ase] 
RH] 
DIR 
, 
Ifl.H 
1 
l!IoIl] 
1)(11 
" , 
'N' 
, 
IMM 1 
DIA) 
£10 
J 
Ill]] 
IX11 
" 
• 
, 
. 
) 
, 
) 
J 
. 
, 
, 
J 
, 
, 
, 
) 
• 
••00 
BR$ET2 
BSET2 
BCC 
LSR 
lSRA 
LSRX 
LsR 
LsR 
AND 
AND 
AND 
AND 
AND 
AND 
0103 
J 
BTBl 
eSoCl 
RH] 
DIR 
1 
IfI,H 1 
IM1 
] 
011 
I 
" 
, 
IMM 1 
DIA 
] 
EJ(T 
1 
1117] 
IX11 
" 


5 
, 
, 
) 
, 
) 
, 
, 
, 
) 
5 


0101 
BAClA2 
BCLA2 
BCs 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
0101 
) 
8TB1 
ase] 
'" 
, 
IMM 1 
DIAl 
EXT 
1 
Ill]] 
11111 
" 


6 
, 
, 
) 
, 
J 
, 
, 
, 
J 
, 
· 


, 
J 
6 


0110 
BASETJ 
BsET3 
BNE 
ROR 
AQRA 
RORX 
ROR 
ROR 
LOA 
LOA 
LOA 
LOA 
LOA 
lOA 
0110 
) 
BTBl 
ese] 
AH] 
DIA 
1 
'fl.H 1 
Ifl.H] 
11(11 
" 
, 
IMM] 
DIR 
3 
£)(13 
IX] 
1 
.1(1\ 
" 


7 
, 
, 
) 
, 
J 
J 
, 
, 
, 
, 
, 
, 
, 


7 


0111 
BRCLR3 
BeLAJ 
BEO 
AsR 
ASRA 
ASRX 
ASR 
AsR 
TAX 
STA 
sTA 
sTA 
sTA 
sTA 
aliI 
) 
BTB1 
ase] 
RH] 
DIR I 
I,,",", 1 
l"<lt] 
1)0:11 
" 
, 
'N' 
, 
Dill J 
EKTJ 
IX22 
1)(11 
" 


B 
s 
, 
J 
, 
J 
J 
, 
" 
, 
, 
) 
, 
, 
, 
J 
B 
'... 
BRSET4 
BSET4 
SHeC 
lSl 
lSlA 
lSlX 
LsL 
lsl 
CLC 
EOR 
EOR 
EOR 
EOR 
EOR 
EOR 


'000 
) 
BT81 
ilse1 
!let 
; 
DIA 
1 
!f\,H 
1 
l!'oll} 
IX11 
" 
, 
I"-H 1 
lMM 
1 
DIA 
J 
EI(13 
Ix1l 
Ill! 
1 
" 


9 
, 
, 
J 
, 
J 
J 
, 
, 
, 
J 
, 
· 


, 
) 
9 


'00' 
BRCLR4 
BClR. 
SHeS 
ROl 
ROLA 
ROlX 
ROL 
ROL 
SEC 
ADC 
ADC 
ADC 
ADC 
ADC 
ADC 
'00' 
) 
BTB1 
ese2 
MH 
1 
DIA 
\ 
I"-H 
1 
("-Ii) 
D\11 
" 
, 
I"IH 1 
lMM 
2 
Dill 
3 
Elll 
l 
11122 
()(1 
, 
" 


A 
, 
, 
J 
. 
J 
J 
, 
, 
, 
J 
, 
, 
, 
J 
A 


1010 
BRSET5 
BSET5 
BPl 
DEC 
OECA 
OECX 
DEC 
DEC 
ClI 
ORA 
ORA 
ORA 
ORA 
ORA 
ORA 
1010 


J 
8T82 
.5<: , 
RH' 
DIA 
1 
If\H 
1 
,!'.,Il) 
IX11 
" 
, 
1,,"1t] 
IMM 
2 
DIR 
J 
EXT 
3 
111.22 
IX11 
" 


B 
, 
, 
J 
, 
, 
) 
, 
, 
, 
) 
B 


1011 
BRClR5 
BCLR5 
BMI 
sEI 
ADD 
ADD 
ADD 
ADD 
ADD 
ADD 
1011 
J 
BTBl 
ese) 
"" 
, 
IMl' 
IMM 1 
DIAl 
EXT] 
IX21 
IX11 
" 


C 
, 
, 
J 
, 
J 
, 
" 
, 
, 
J 
, 
J 
, 


C 


"00 
BRSET6 
BSET6 
BMC 
INC 
INCA 
INCX 
INC 
INC 
RSP 
JMP 
JMP 
JMP 
JMP 
JMP 


"00 
) 
HT82 
85(·' 
AH' 
DIA 
' 
'!'oH 1 
IfIott} 
IX11 
" 
, 
'N" 
, 
DIR 3 
EXT] 
Ixl1 
UO 
I 
" 


0 
. 
, 
J 
, 
J 
J 
" 
, 
, 
, 
, 
, 
, 
, 
. 
0 


1101 
BRCLR6 
BCLR6 
BMS 
TsT 
TSlA 
TSTX 
TST 
TST 
NOP 
BsR 
JSR 
JsR 
JsR 
JSR 
JSR 
1101 


J 
IHB' 
aSf' 
AH 
I 
DIA' 
II\H 
1 
l"'li! 
IX11 
" 
, 
INH 
2 
RH 
1 
DIA 
3 
E)(13 
11(21 
IX1) 
" 


E 
. 
J 
, 
, 
) 
, 
· 


, 
) 
E 


1110 
SASEn 
aSH7 
BIL 
STOP 
LOX 
LOX 
lOX 
lOX 
LOX 
LOX 
1110 
J 
BTB2 
liSt] 
'" 
, 
''" 
, 
IMM] 
DIA 
J 
EXT 
3 
Iltl1 
IX11 
" 


F 
, 
, 
J 
, 
J 
J 
, 
, 
, 
, 
. 
, 
, 
, 
, 


F 


\111 
BRClA7 
BeLA7 
BIH 
CLR 
ClRA 
(lRX 
CLR 
CLR 
WAIT 
TXA 
sTX 
sTX 
sTX 
sTX 
sTX 
1111 


J 
IlTEI] 
ese] 
HH 
I 
011'1 
1 
I"-H I 
INti] 
IX11 
" 


INH 
1 
'N' 
, 
DIA 
J 
EXT] 
IX21 
11(1 
I 
" 


Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 


Relative 
Bit Set Clear 
Bit Test and Branch 
Indexed INo Offset 1 
Indexed, 1 Byte 18-Bit) Offset 
Indexed,2 
Byte (16-Bitl Offset 


Mnemonic 


Bytes 


Cycles 


to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. The programmer 
need not calculate 
the offset 
when 
using 
the Motorola 
assembler, 
since it 
calculates 
the proper 
offset 
and checks to see that it is 
within 
the span of the branch. 


INDEXED, 
NO OffSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the B-bit index 
register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 
long. This mode is often used to move a pointer 
through 
a table or to hold the address of a frequently 
referenced 
RAM or I/O location. 


INDEXED, 
8-BIT OffSET 


In the 
indexed, 
B-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
B-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with the address of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 


tables may begin anywhere 
within 
the first 256 address- 


able locations 
and could 
extend 
as far as location 
510 
($1FE is the 
last location 
at which 
the instruction 
may 
begin). 


INDEXED, 
16-BIT OffSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
B-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This address mode can be used in a manner 
similar 
to indexed, 
B-bit offset except that this three-byte 


instruction 
allows 
tables to be anywhere 
in memory. 
As 
with 
direct 
and extended 
addressing, 
the Motorola 
as- 
sembler 
determines 
the 
shortest 
form 
of 
indexed 
ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, the bit to be set 
or cleared 
is part of the opcode, 
and the byte following 
the opcode 
specifies 
the direct addressing 
of the byte in 
which 
the specified 
bit is to be set or cleared. 
Any read/ 


write 
bit in the first 
256 locations 
of memory, 
including 
I/O, can be selectively 
set or cleared 
with 
a single 
two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct addressing 
and relative 
addressing. 
The 
bit that is to be tested 
and its condition 
(set or clear). is 
included 
in the opcode. 
The address 
of the byte to be 
tested 
is in the 
single 
byte 
immediately 
following 
the 
opcode 
byte. The signed 
relative 
B-bit offset 
in the third 
byte is added to the PC if the specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the 
condition 
of any readable 
bit in the first 256 locations 
of 
memory. 
The span of branching 
is from 
-125 
to + 130 
from 
the opcode 
address. 
The state of the tested 
bit is 
also transferred 
to the carry 
bit of the condition 
code 
register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VOO 
-0.5 to +7.0 
V 


Input Voltage 
Vin 
VSS - 05 to 
V 
VOO +0.5 


Self-Check Mode IIRQ Pin Only) 
Vin 
VSS-0.5 to 
V 
2 xVOO+0.5 


Current Orain Per Pin Excluding 
I 
25 
mA 
VOO and VSS 


Operating Temperature Range 
TA 
lL to TH 
C 
MC68HC05B4P.FN (Standard) 
o to + 70 
MC68HC05B4CP,CFN (Extended) 
-40 to +85 
MC68HC05B4MP,MFN (Automotive) 
-40 to + 125 


Storage Temperature Range 
Tsto 
-65 to + 150 
C 


This 
device 
contains 
circuitry 
to protect 
the 
in- 
puts against damage due to high static voltages 


or electric 
fields; 
however, 
it is advised 
that 
nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Vout be 
constrained to the range VSS '" (Vin or Voutl ~ 
VOO. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either VSS or VOO). 


• 
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Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
"JA 
°CIW 
Plastic 
40 
Plastic Leaded Chip Carrier (PLCC) 
50 


The 
average 
chip-junction 
temperature, 
Tj, 
in °C can 
be obtained 
from: 


Tj=TA+(PO'HjA) 
(1) 
where: 


TA 
HjA 


Po 
PINT 
PliO 


= Ambient 
Temperature, 
°C 


= Package 
Thermal 
Resistance, 


junction-to-Ambient,OCNV 


= PINT+PI/O 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 
= Power 
Oissipation 
on Input 
and Output 
Pins - 
User 
Oetermined 


Pins 
R1 
R2 
C 


PAl-PAD, 
3.26 kll 
2.38 kll 
50 pF 
PB7-PBO, 
PC7-PCO, 
TCMP1 
TCMP2 


TOO, SCLK, 
1.9 kll 
2.26 kll 
200 pF 
PLMA, PLMB 


Pins 
R1 
R2 
C 


PA7-PAD, 
10.91 kl! 
6.32 kll 
50 pF 
PB7-PBO, 
PO-PCO, 
TCMP1, 
TCMP2 


TOO, SCLK, 
6 kll 
6 kll 
200 pF 
PLMA. PLMB 


For most 
applications 
PI/O<PINT 
and can be neglected. 
The following 
is an approximate 
relationship 
between 
Po and TJ (if PliO 
is neglected): 
Po = K ~ (Tj + 273°C) 
(2) 
Solving 
equations 
(1) and (2) for K gives: 


K = Po ' (TA + 273°C) + IIJA'P02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K 
can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA. Using 
this 
value 
of K, 
the values 
of Po and Tj can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA- 


C 
(SEE 
TABLE) 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, ILoad"Cl0.0 flA 
VOL 
- 
- 
0.1 
V 


VOH 
VOO-O.l 
- 
- 


Output High Voltage 
VOH 
V 


(ILoad = 0.8 mAl PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 
VOO-0.8 
VOO-0.4 
- 
(ILoad = 1.6 mAl TOO, SCLK, PLMA, PLMB 
VOO-0.8 
VOO-O.4 
- 


Output Low Voltage 
VOL 
V 
(ILoad = 1.6 mAl PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2, 
- 
0.1 
0.4 
PLMA, PLMB, TOO, SCLK 
RESET 
- 
0.4 
1.0 


Input High Voltage 
VIH 
0.7 x VOO 
- 
VOO 
V 


PA7-PAO, PB7-PBO, PC7-PCO, P07-POO, TCAP1, TCAP2, IRQ, 


RESET, OSC1, ROI 


Input Low Voltage 
VIL 
VSS 
- 
0.2 xVOO 
V 
PA7-PAO, PB7-PBO, PC7-PCO, P07-POO, TCAP1, TCAP2, IRQ, 


RESET, OSC1, ROI 


Supply Current (see Notes) 
100 
RUN (SM=OI 
- 
3.5 
9 
mA 


RUN (SM=1, 
tcyc=8 
flsl 
- 
0.5 
2 
mA 


WAIT (SM=OI 
- 
1 
4 
mA 


WAIT (SM = 1, tcyc = 8 flsl 
- 
0.35 
1 
mA 


STOP 
o to 70 (Standard) 
- 
2 
10 
flA 


··40 to 85 (Extended) 
- 
- 
20 
flA 


- 40 to 125 (Automotive) 
- 
- 
50 
flA 


I 0 Ports Hi-Z Leakage Current 
IlL 
- 
0:0.2 
0:1 
flA 


PA7-PAO, PB7-PBO, PC7-PCO, TOO, RESET, SCLK 


Input Current 
lin 
flA 
IRQ, TCAP1, TCAP2, OSC1, ROI 
- 
0:0.2 
0:1 


P07IAN7-POO/ANO (AlO off) 
- 
0:0.2 
0:1 


P07IAN7-POO/ANO (AlO onl 
- 
0:10 
TBO 


Capacitance 
pF 
Ports (as Input or Output I, RESET 
Cout 
- 
- 
12 


TOO,SCLK 
Cout 
- 
- 
12 


IRQ, TCAP1, TCAP2, OSC1, ROI 
Cin 
- 
- 
8 


P07IAN7-POO/ANO (AlO off) 
Cin 
- 
12 
TBO 


P07IAN7-POO/ANO (AlO onl 
Cin 
- 
22 
TBO 


NOTES: 


1. All values 
shown 
reflect 
average 
measurements. 


2. Typical values at midpoint 
of voltage range, 25°C only. 


3. Wait 100: Only timer system active (TE= RE= 0). If SCI active (TE= RE= 1) add 10% current draw. 
4. Run (Operating) 
100, Wait 100: Measured using external square wave clock source (fosc = 4.0 MHz). all inputs 0.2 V from rail; 


no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 


5. Wait, Stop 100: All ports configured 
as inputs, VIL =0.2 V, VIH =VOO-0.2 
V. 


6. Wait 100 is affected linearly by the OSC2 capacitance. 


TBO = To be decided. 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage. ILoad"'10.0 
•.•.A 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-0.1 
- 
- 


Output High Voltage 
VOH 
V 
(ILoad = 0.2 mAl PA7-PAO. PB7-PBO. PC7-PCO. TCMP1. TCMP2 
VOO-0.3 
VOO-0.1 
- 
(ILoad ~ 0.4 mAl TDO. SCLK. PLMA. PLMB 
VOO-0.3 
VOO-0.1 
- 


Output Low Voltage 
VOL 
V 
(ILoad = 0.4 mAl PA7-PAO. PB7-PBO, PC7-PC7, TCMP1. TCMP2, 
- 
0.1 
0.3 


PLMA, PLMB. TDO. SCLK 
RESET 
- 
0.2 
0.6 


Input High Voltage 
VIH 
0.7 xVOO 
- 
VOO 
V 
PA7-PAO. PB7-PBO. PC7-PCO, P07-POO, TCAP1, TCAP2, IRQ. 


RESET, OSC1. ROI 


Input Low Voltage 
VIL 
VSS 
- 
0.2 xVOO 
V 
PA7-PAO. PB7-PBO. PC7-PCO. P07-POO, TCAP1. TCAP2. IRQ, 


RESET, OSC1. ROI 


Supply Current (see Notes) 
100 
RUN (SM=O) 
- 
1.2 
5 
mA 
RUN (SM = 1, tcyc = 8 •.•.s) 
- 
0.2 
1 
mA 
WAIT (SM=O) 
- 
0.4 
2 
mA 
WAIT (SM = 1. tcyc = 8 •.•.s) 
- 
0.15 
0.5 
mA 
STOP 
o to 70 (Standard) 
- 
1 
10 
•.•.A 


- 40 to 85 (Extended) 
- 
- 
10 
•.•.A 


-40 
to 125 (Automotive) 
- 
- 
30 
•.•.A 


1,0 Ports Hi-Z Leakage Current 
IlL 
- 
;00.2 
;01 
•.•.A 
PA7-PAO. PB7-PBO. PC7-PCO. TOO. RESET.SCLK 


Input Current 
lin 
•.•.A 
IRQ. TCAP1. TCAP2. OSC1. ROI 
- 
;00.2 
;01 
P07/AN7-POOfANO (AiO off) 
- 
;00.2 
;01 
P07/AN7-POO/ANO (AiO on) 
- 
;010 
TBO 


Capacitance 
pF 
Ports (as Input or Output). RESET, TOO 
Cout 
- 
- 
12 


TDO. SCLK 
Cout 
- 
- 
12 


IRQ. TCAP1. TCAP2. OSC1. ROI 
Cin 
- 
- 
8 
P07/AN7-POO/ANO (AiO off) 
Cin 
- 
12 
TBO 
P07/AN7-POO/ANO (AiO on) 
Cin 
- 
22 
TBO 


NOTES: 


1. All values shown reflect average measurements. 
2. Typical values at midpoint 
of voltage range. 25°C only. 


3. Wait 100: Only timer system active (TE= RE= 0). If SCI active (TE= RE= 1) add 10% current draw. 
4. Run (Operating) 
100. Wait 100: Measured using external square wave clock source Ifosc ~ 4.0 MHz). all inputs 0.2 V from rail; 
no de loads. less than 50 pF on all outputs. CL ~ 20 pF on OSC2. 
5. Wait. Stop 100: All ports configured 
as inputs, VIL = 0.2 V. VIH = VOO- 0.2 V. 


6. Wait 100 is affected linearly by the OSC2 capacitance. 


TBO=To 
be decided. 
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Cheracteristic 
Peremeter 
Min 
Me. 
Unit 


Resolution 
Number of bits resolved by the AID 
8 
- 
Bit 


Non-Linearity 
Maximum 
deviation from the best straight 
line through 
the 
- 
~V2 
LSB 
AID transfer characteristics 
(VRH= VDD and VRL = 0 V) 


Quantization 
Error 
Uncertainty 
due to converter resolution 
- 
:!::% 
LSB 


Absolute Accuracy 
Difference between the actual input voltage and the full-scale 
- 
:!:1 
LSB 
equivalent 
of the binary code output code for all errors 


Conversion 
Range 
Analog input voltage range 
VRL 
VRH 
V 


VRH 
Maximum 
analog reference voltage 
VRL 
VDD+O.l 
V 


VRL 
Minimum 
analog reference voltage 
VSS-O.l 
VRH 
V 


Conversion 
Time 
Total time to perform a single analog-to-digital 
conversion 
a. External Clock (XTAL, EXTAL) 
- 
32 
tcyc 
b. Internal RC oscillator 
- 
32 
ILs 


Monotonicity 
Conversion result never decreases with an increase in input 
Guaranteed 


voltage and has no missing codes 


Zero-Input 
Reading 
Conversion 
result when Vin = VRL 
00 
- 
Hex 


Full-Scale Reading 
Conversion 
result when Vin = VRH 
- 
FF 
Hex 


Sample Acquisition 
Time 
Analog input acquisition 
sampling 
(see Note 1) 
a. External Clock (XTAL, EXTAL) 
- 
12 
tcyc 
b. Internal RC oscillator 
- 
12 
ILS 


Sample/Hold 
Capacitance 
Input capacitance on PD7/AN7-PDO/ANO 
- 
12 
pF 


Input Leakage 
Input leakage on AID pins PD7/AN7-PDO/ANO, VRL, VRH 
- 
1 
ILA 
(see Note 2) 
- 
1 


NOTES: 
1. Source impedances greater than 10K ohm will adversely affect internal RC charging time during input sampling. 
2. The external system error caused by input leakage current is approximately 
equal to the product of R source and input current.• 
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II 


Characteristic 
- ~... 
..- - 
Symbol 
Min 
Max 
Unit 


Frequency 01 Operation 
losc 
MHz 
Crystal Option 
- 
4.2 


External Clock Option 
dc 
4.2 


Internal Operating 
Frequency 
lop 
MHz 
Crystal (losc/2) 
- 
2.1 


External Clock (losc/2) 
dc 
2.1 


Cycle Time (see Figure 21) 
tcvc 
480 
- 
ns 


Crystal Oscillator Startup Time (see Figure 21) 
tOXOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) 
tlLCH 
- 
100 
ms 


External RESET Input Pulse Width (see Figure 21) 
tRL 
1.5 
- 
tcvc 


Power-On RESET Output Pulse Width 
tPORL 
tcyc 


4064 Cycle Option 
4064 
- 


16 Cycle Option 
16 
- 


Watchdog 
RESET Output Pulse Width 
tOOGL 
1.5 
- 
tcvc 


Watchdog 
Time-Out 
tOOG 
6144 
7168 
tcvc 


Timer 


Resolution** 
tRESL 
4.0 
- 
tcyc 


Input Capture Pulse Width (see Figure 20) 
tTH. tTL 
125 
- 
ns 


Input Capture Pulse Period (see Figure 20) 
tlL. tTL 
... 
- 
tcvc 


Interrupt 
Pulse Width (Edge-Triggered) 
tlLlH 
125 
- 
ns 


Interrupt 
Pulse Period 
tlLlL 
. 
- 
tcvc 


OSC1 Pulse Width 
tOH. tOL 
90 
- 
ns 


NOTES: 
'The 
minimum 
period tlLlL should not be less than the number 01 cycle times it takes to execute the interrupt 
service routine 


plus 21 tcyc. 
**Since a 2-bit prescaler in the timer must count four internal cycles (tcyd, this is the limiting minimum factor in determining the 


timer resolution. 


"'The 
minimum 
period tlL TL should not be less than the number 01 cycle times it takes to execute the capture interrupt 
service 
routine plus 24 tcyc. 


EXTERNAL 
SIGNAL 
(TCAP1. 
TCAP21 
I- trlTl-l 
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Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fosc 
MHz 
Crystal Option 
- 
4.2 


External Clock Option 
dc 
4.2 


Internal Operating 
Frequency 
fop 
MHz 
Crystal (fosc/2) 
- 
2.1 
External Clock (fosc/21 
dc 
2.1 


Cycle Time (see Figure 21) 
tCYC 
1000 
- 
ns 


Crystal Oscillator Startup Time (see Figure 21) 
tOXOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) 
tlLCH 
- 
100 
ms 


External RESET Input Pulse Width (see Figure 211 
tRL 
1.5 
- 
tcvc 


Power-On RESET Output Pulse Width 
tPORL 
tcyc 
4064 Cycle Option 
4064 
- 
16 Cycle Option 
16 
- 


Watchdog 
RESET Otuput Pulse Width 
tOOGL 
1.5 
- 
tCYC 


Watchdog Time-Out 
tOOG 
6144 
7168 
tCYc 


Timer 
Resolution** 
tRESL 
4.0 
- 
tcyc 
Input Capture Pulse Width (see Figure 201 
tTH.tTL 
250 
- 
ns 
Input Capture Pulse Period (see Figure 20) 
tTL.tTL 
""" 
- 
tcvc 


Interrupt 
Pulse Width (Edge-Triggered) 
tlLlH 
250 
- 
ns 


Interrupt 
Pulse Period 
tlLlL 
" 
- 
tCYC 


OSCl Pulse Width 
tOH.tOL 
200 
- 
ns 


NOTES: 
"The minimum 
period tlLlL should not be less than the number of cycle times it takes to execute the interrupt 
service routine 
plus 21 tcyc. 


""Since 
a 2-bit prescaler in the timer must count four internal cycles (tcycl. this is the limiting 
minimum 
factor in determining 
the 
timer 
resolution, 


"""The 
minimum 
period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt 
service 
routine plus 24 tcyc. 
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11r- tvooR 


Voo 
~o 
THRESHOLD 11-2 V TYPICAL) 
I 
I 


oSCI" 
!~"""'{Z~Z~I I~/~/Z~Z~O~/~O~Z~/Z~/~O~Z~I 
I~Z~O~Z~/Z~/~O~/~I 
I~/~ZZ~/~/Z~/~/I~/~I 
I~II~/~II~/~O~/~I 
I' 


I toXoV 
I 4064 tcyc 
I 
:. 
..," 
-: 
I 
I 
I 
-' 
I 
I 
r-tCYCi 


INTERNAL 


PROCESSOR 


CLOCK' 


INTERNAL 


ADDRESS 
BUS' 


INTERNAL 


DATA 
BUS' 


'Internal 
timing 
signal 
and 
bus 
information 
not 
available 
externally. 


"OSC1 
line 
is not 
meant 
to represent 
frequency. 
It is only 
used 
to represent 
time. 


"'The 
next 
rising 
edge 
of the 
internal 
processor 
clock 
following 
the 
rising 
edge 
of RESET 
initiates 
the 
reset 
sequence. 


The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 


MS®-DOS/PC-DOS 
disk file 
(360K) 
EPROM(s) 
2764, MCM68764, 
MCM68766, 
or EEPROM 
MC68HC805C4 
To initiate 
a ROM 
pattern 
for the MCU, 
it is necessary 
to first contact 
the local field 
service 
office, 
a sales person, 
or a Motorola 
representative. 


FLEXIBLE 
DISKS 


A flexible 
disk 
(MS-DOS/PC-DOS 
disk 
file). 
pro- 
grammed 
with 
the 
customer's 
program 
(positive 
logic 
sense for address 
and datal. 
may be submitted 
for pattern 
generation. 
The 
diskette 
should 
be clearly 
labeled 
with 
the customer's 
name, 
data, project 
or product 
name, 
and 
the name 
of the file 
containing 
the pattern. 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is the IBM" 
Personal 
Computer 
(PC) Disk Operating 
Sys- 
tem. 
Disk 
media 
submitted 
must 
be a standard 
density 
(360K) double-sided 
5 1/4 inch compatible 
floppy 
diskette. 
The diskette 
must 
contain 
object 
file code 
in Motorola's 
S-record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and linkers 
on IBM PC style 
machines. 
In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the pattern 
file. 


EPROMs 


A 2764, 
68764, 
or 
68766 
type 
EPROM, 
programmed 
with 
the 
customer's 
program 
(positive 
logic 
sense 
for 
address 
and data), 
may 
be submitted 
for pattern 
gener- 
ation. 
Since 
all program 
and data space 
information 
will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must 
be programmed 
as described 
in the following 
par- 
agraphs. 


For an MC68HC80586 
MCU 
start 
the 
page 
zero, 
user 
ROM at EEPROM address 
$0020 through 
$004F. Start the 
user ROM at EEPROM address 
$0800 through 
$1EFF with 
vectors 
from 
$1 FFO to $1 FFF. All unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
For shipment 
to 
Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC 
carrier 
and packed 
securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media 
(EPROMs 
or floppy 
disks) 
are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked, 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the contractual 
agreement 
for the creation 
of the customer 
mask. To aid 
in the 
verification 
process, 
Motorola 
will 
program 
cus- 
tomer 
supplied 
blank 
EPROM(s) 
or DOS disks 
from 
the 
data file 
used to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs 
containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the 
pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum 
order 
quantity, 
but 
are not 
production 
parts. 


RVUs are not backed 
or guaranteed 
by Motorola 
Quality 
Assurance. 


The following 
table 
provides 
ordering 
information 
per- 
taining 
to the package 
type, 
temperature, 
and MC order 
numbers 
for the 
MC68HC0584 
device. 


Package Type 
Temperature 
Me Order Number 


Plastic 
O°Cto + 70°C 
MC68HC05B4P 
(P Suffix) 
- 40°C to + 85°C 
MC68HC05B4CP 


- 40°C to + 125°C 
MC68HC05B4MP 


PLCC 
O°Cto + 70°C 
MC68HC05B4FN 
(FN Suffix) 
- 40°C to +85°C 
MC68HC05B4CFN 


- 40°C to + 125°C 
MC68HC05B4MFN 


MS is a trademark 
of Microsoft, 
Inc. 
IBM is a registered trademark 
of International 
Business Machines Corporation. 
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VRH 


PD4/AN4 


VDD 


PD3/AN3 


PD2IAN2 


PDlIANl 


PDO/ANO 
NC 


DSCI 


DSC2 


RESET 


IRQ 


PLMA 
D/A 


TOD 


TCMP2 


TCMPI 


PD5/AN5 


VRL 


VRH 


PD4/AN4 


VDD 


PD3/AN3 


PD2/AN2 


PDlIANl 


PDO/ANO 


DSCI 


DSC2 


RESET 


IRQ 


PLMA 
D/A 


PLMB 
D/A 


TCAPI 


TCAP2 


PA7 


PA6 


PA5 


PM 


052 


1 


47 


46 
PC3 


PC4 


PC5 


PC6 


PC7 


VSS 
40 
NC 


PBO 


PBl 


PB2 


PB3 


PB4 


34 
PB5 


33 


SCLK 


RDI 


PCO 


PCI 


PC2IECLK 


PC3 


PC4 


PC5 


PCG 


PC7 


VSS 


INC 


PBO 


PBl 


PB2 


PB3 


PB4 


PB5 


PB6 


PB7 


PAO 


PAl 


PA2 


PA3 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05B6 
(HCMOS) 
microcontroller 
unit (MCU) is a member 
of the M68HC05 
Family 
of microcontrollers. 
This high-performance, 
low-power 
MCU has parallel 
I/O capability 
with 
pins programmable 
as input 
or output. 
This 


publication 
contains 
condensed 
information 
on the MCU; for more detailed 
information, 
contact 
your 
local Motorola 
sales office. 


The following 
block diagram 
depicts 
the hardware 
features; 
additional 
features 
available 
on the MCU are shown 
below 
and at the top of page 2. 


• 
On-Chip 
Oscillator 
with 
Crystal/Ceramic 
Resonator 


• 
Memory-Mapped 
I/O 


• 
176 Bytes of On-Chip 
RAM 


• 
256 Bytes of On-Chip 
EEPROM 
• 


PBO 
ACCUMULATOR 
PSI 


PORT 8 
PB2 
PORT 
DATA 
8 
A 


I/O LINES 
PBJ 
S 
01R 
INDEX 


PB' 
REG 
REG 
REGISTER 
PSI 
PB6 


PB' 
CONDITION 
CODE 


REGISTER 
CC 


STACK 


PAO 
POINTER 


PAl 
PA2 
PORT 
DATA 
PROGRAM 
COUNTER 


PORT A 
PAJ 


A 
o'R 


HIGH 


110 LINE 
PM 
PCH 


PAl 
REG 
REG 


PA' 
PROGRAM 
COUNTER 


PA' 
8 
lOW 
PCl 


USER ADM 


5952x8 
------ 


SELF-CHECK 
OPTION 
REG 
432d 
1.8 


VPPl 
CHARGE 


PUMP 


DATA 
PORT 


OIR 
C 


REG 
REG 


PCO 
PC! 


PC2/EClK 
PCJ 
PC4 
PORT C 
pes 
I'D LINES 


PC6 
PCl 


PORT 0 
-- --, 


I 
I 
I 


~~ L 


IPDOJANO 
POI 
ANI 


P02 AN2 


P03tAN3 
PQ4/AN4 
POSlAN5 
P06'AN6 


P07 AN7 


VRH 


VRl 
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FEATURES (Continued) 


• 
5952 Bytes of User ROM 


• 
24 Bidirectional 
1/0 Lines and 8 Input-Only 
Lines 


• 
Serial Communications 
Interface 
(SCI) System 


• 
8-Channel 
AID Converter 


• 
Watchdog 
System 


• 
Self-Check 
Mode 


• 
Power-Saving 
STOP and WAIT Modes 


• 
Single 
3.0- to 6.0-Volt 
Supply 


• 
Fully Static Operation 


• 
Two Pulse-Length 
Modulation 
Systems 
(D/A) 


• 
16-Bit Timer 
with 
Two Input Capture 
and Two Output 
Functions 


• 
Slow 
Mode 
Option 
Divides the Basic Clock Frequency 
by 16 


The signal 
descriptions 
of the MCU are discussed 
in 
the following 
paragraphs. 


VDD AND VSS 


Power 
is supplied 
to the microcontroller 
using 
these 
two pins. VDD is the positive 
supply, 
and VSS is ground. 


This pin is a programmable 
option 
that provides 
four 
different 
choices 
of interrupt 
triggering 
sensitivity. 
Refer 
to INTERRUPTS 
for 
more 
detail. 
Note that 
the voltage 
level on this pin affects the mode of operation. 


These pins provide 
control 
input 
for an on-chip 
clock 
oscillator 
circuit. 
A crystal, 
a ceramic 
resonator, 
or an 
external 
signal connects 
to these pins providing 
a system 
clock. The oscillator 
frequency 
is two 
times 
the internal 
bus rate (or 32 times 
as a software 
option). 


Crystal 


The circuit 
shown 
in Figure l(b) is recommended 
when 
using a crystal. 
Using an external 
CMOS oscillator 
is rec- 
ommended 
when 
crystals 
outside 
the specified 
ranges 
are to be used. The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 
mize output 
distortion 
and start-up 
stabilization 
time. Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VDD 
specifications. 


Ceramic 
Resonator 


A ceramic 
resonator 
may be used in place of the crystal 
in cost-sensitive 
applications. 
The circuit 
in Figure 1(b) is 
recommended 
when 
using 
a ceramic 
resonator. 
Figure 
1(a) lists the recommended 
capacitance 
and resistance 
values. 
The 
manufacturer 
of the 
resonator 
considered 
should 
be consulted 
for specific 
information 
on resonator 
operation. 


External 
Clock 


An external 
clock should 
be applied 
to the OSC1 input 
with 
the OSC2 input 
not connected, 
as shown 
in Figure 
l(d). 


INPUT CAPTURE (TCAP') 


This pin controls 
the input capture 
1 feature for the on- 
chip programmable 
timer 
(see Table 2). 


INPUT CAPTURE (TCAP2) 


This pin controls 
the input capture 
2 feature 
for the on- 
chip programmable 
timer. 


OUTPUT COMPARE (TCMP') 


This pin provides 
an output 
for the output 
compare 
1 
feature 
of the on-chip 
timer. 


OUTPUT COMPARE (TCMP2) 


This pin provides 
an output 
for the output 
compare 
2 
feature 
on the on-chip 
timer. 


RESET 


This pin is used to reset the MCU and provide 
an or- 
derly start-up 
procedure 
by pulling 
RESET low. The volt- 
age on this pin affects the mode 
of operation 
(see Table 
2, Mode 
of Operation 
Selection). 


INPUTIOUTPUT 
PORTS (PA7-PAO, 
PB7-PBO, PC7-PCO) 


These 24 lines are arranged 
into three 
8-bit 
ports 
(A. 


B, and C). These ports are programmable 
as either inputs 
or outputs 
under 
software 
control 
of the data direction 
registers. 
Refer to PROGRAMMING 
for additional 
infor- 
mation. 


FIXED INPUT PORT (PD7/AN7-PDO/ANO) 


These eight 
lines comprise 
port 
D, a fixed 
input 
port. 


Enabling 
the AID function 
affects this port. Port D accepts 
the eight analog 
inputs 
when 
the AID is enabled. 
Port D 
can 
be used for 
digital 
input 
during 
a conversion 
se- 
quence, 
but this may inject 
noise on the analog 
signals, 
reducing 
the conversion 
accuracy. 
Also, a digital 
read of 
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2 MHz 
4 MHz 
Units 


RSMAX 
400 
75 
n 


Co 
5 
7 
pF 


C1 
0.008 
0.012 
f1F 


COSC1 
15-40 
15-30 
pF 


COSC2 
15-30 
15-25 
pF 


Rp 
10 
10 
Mn 


Q 
30 
40 
K 


2-4 MHz 
Units 


RS (typical) 
10 
n 


Co 
40 
pF 


C1 
4,3 
f1F 


COSC1 
30 
pF 


COSC2 
30 
pF 


Rp 
1-10 
Mll 


Q 
1250 
- 


OSCI 


16 
Rp 


OSC2 


17 


"I" COSC2 


~ 


C2 
l 
Cly 


RS 
OSCI 


17 
16 
Co 


port 
D with 
levels 
other 
than 
VDD 
or VSS on the 
pins 
results 
in greater 
power 
dissipation 
during 
the read cycle. 
Refer to PROGRAMMING 
for additional 
information. 


In the 
48-pin 
dual-in-line 
package, 
the 
fixed 
input 
port 
(D) of the 
MC68HC0586 
is reduced 
to six pins 
(PD5-PDO, 
AN5-ANO). 
This change 
has no effect on 
either 
programming 
or operation 
of port 
D or the 
AID converter. 


PLMA 


This 
pin 
is the 
output 
of the 
pulse-length 
modulation 
converter 
A. See PULSE-LENGTH 
DIA CONVERTERS 
for 
further 
information. 


PLMB 


This 
pin 
is the 
output 
of the 
pulse-length 
modulation 
converter 
8. See PULSE-LENGTH 
DIA CONVERTERS 
for 
further 
information. 


ROI (Receive 
Data 
In) 


This 
pin is the 
input 
of the SCI. See Serial 
Communi- 
cations 
Interface 
for more 
information. 


TOO (Transmit 
Data Out) 


This 
pin 
is the 
output 
of the 
SCI. See Serial 
Commu- 
nications 
Interface 
for more 
information. 


SCLK 


This 
pin is the clock 
output 
pin of the SCI transmitter. 


See 
Serial 
Communications 
Interface 
for 
more 
infor- 
mation. 


VPP1 
This pin is the EEPROM 
programming 
voltage 
output. 


See EEPROM 
for further 
information. 


VRH 
This 
pin 
is the 
positive 
reference 
voltage 
for 
the 
AID 
converter. 


• 
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• 


VRL 
This pin is the negative 
reference 
voltage 
for the AID 
converter. 


Input/output 
port 
programming, 
fixed 
input 
port 
pro- 
gramming, 
and serial 
port 
programming 
are discussed 
in the following 
paragraphs. 


INPUTIOUTPUT 
PORT PROGRAMMING 


Any port pin is programmable 
as either an input or an 
output 
under 
software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Each port bit can be selected 
as 
output 
or input 
by writing 
the corresponding 
bit in the 
port DDR to a logic one for output 
and logic zero for input. 


On reset, all DDRs are initialized 
to logic zero to put the 
ports in the input mode. The port output 
registers 
are not 
initialized 
on reset but may be written 
to before 
setting 
the DDR bits to avoid 
undefined 
levels. 
When programmed 
as outputs, 
the latched output 
data 
is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers 
and avoid 
undefined 
outputs. 
Refer to 
Figure 
2 for typical 
port circuitry 
and to Table 
1 for a list 
of the 1/0 pin functions. 


RJW* 
DDR 
110 Pin Functions 


0 
0 
The 110 pin is in input mode. Data is writ- 
ten into the output data.latch. 


0 
1 
Data is written into the output data latch 
and output to the 110 pin. 


1 
0 
The state of the 110 pin is read. 


1 
1 
The 110 pin is in an output mode. The out- 
put data latch is read. 


Under 
software 
control, 
the PC2 pin can become 
the 
CPU clock 
output. 
If this 
option 
is selected, 
the 
corre- 
sponding 
DDR bit is automatically 
set, and bit 2 of port 
C always 
reads the output 
data 
latch. The other 
port 
C 
pins are not affected 
by this feature. 


Control 
Register 
(CTUECLK) $07 
7 
6 
543 


ECLK - 
ECLK Control 
1= 1/0 port function 
of PC2 is forced 
to output 
mode, 
and PC2 outputs 
the ECLK CPU clock. 


0= PC2 functions 
as a regular 
1/0 pin. 


FIXED INPUT PORT PROGRAMMING 


Port 0 is a fixed 
input 
port that monitors 
the external 
pins whenever 
the AID is disabled. 
After 
reset, all eight 
bits 
become 
digital 
inputs 
because 
all special 
function 
drivers 
are disabled. 
Port 0 is always 
at digital 
input, 
whether 
the AID is on or off. 


Any unused 
inputs 
and 1/0 ports 
should 
be tied to 
an appropriate 
logic level (e.g., either VDD or VSS). 


SERIAL PORT (SCI) PROGRAMMING 


The SCI uses two 
or three 
pins for 
its functions: 
RDI 
for its receive data input, TOO for its transmit 
data output, 
and SCLK to output 
the transmitter 
clock, if needed. 


The MCU is capable 
of addressing 
8192 bytes of mem- 
ory and 1/0 registers, 
as shown 
in Figure 3. The locations 
consist of user ROM, user RAM, EEPROM, self-check ROM, 
control 
registers, 
and 1/0. The user-defined 
reset and in- 
terrupt 
vectors 
are located 
from 
$1 FFOto $1 FFF. 


INTERNAL 
MCU 


CONNECTIONS 
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If 0 AND 


REGISTERS 


32 BYTES 


PAGE 
0 


USER 
ROM 


48 BYTES 


RAM 


116 BYTES 
- --- 


INCLUDING 


STACK 


64 BYTES 


OPTR 
I BYTE 
-- -- 
EEPROM' 


256 
BYTES 
TOT 


31 BYTES 


NON 
PROTECTEO 
---- 


224 
BYTES 


PROTECTEO 


SElF-CHECK 


ROM 
I 


192 BYTES 


UNUSEO 


IJ4.4 
BYTES 


6K USER 
ROM 


5888 
BYTES 


SELF-CHECK 


ROM 
II 


240 BYTES 


USER 
VECTORS 


16 BYTES 


PORTS 


7 BYTES 


EEPROM/ECLK 


CONTROL 


I BYTE 


AlO 
CONVERTER 


2 BYTES 
\ 


PLM 
SYSTEM 


2 BYTES 


MISCELLANEOUS 


1 BYTE 


SERIAL 


COMMUNICATIONS 


INTERFACE 


5 BYTES 


TIMER 


14 BYTES 


0031 


0032 \ I 


0079 
\ 


0080 
\I 
0191 
\ 


0192 
\I 
0255 
\ 


0256 
\I 
0257 
I 
\ 
\ 


0287 
\ 


0288 
1_- 


0511 


0512 


07D3 


0704 


~I 


{2OO8 
, 


7935 


7936 


------ 
PORT 
A OATA 
REGISTER 


PORT 
B OATA 
REGISTER 


PORT 
C OATA 
REGISTER 


PORT 
0 INPUT 
OATA 
REGISTER 


PORT 
A OATA 
OIRECTlON 
REGISTER 


PORT 
B OATA 
OIRECTlON 
REGISTER 


PORT 
C OATA 
OIRECTION 
REGISTER 


EEPROM/ECLK 
CONTROL 
REGISTER 


AlO 
OATA 
REGISTER 


AlO 
STATUS/CONTROL 
REGISTER 


PULSE 
LENGTH 
MOOULATION 
A 


PULSE 
LENGTH 
MOOULATION 
B 


MISCELLANEOUS 
REGISTER 


~ 


SCI 
BAUO 
RATE 
REGISTER 


SCI 
CONTROL 
REGISTER 
1 


SCI 
CONTROL 
REGISTER 
2 


SCI 
STATUS 
REGISTER 


SCI 
OATA 
REGISTER 
\ 
\ 
TIMER 
CONTROL 
REGISTER 
\ 
TIMER 
STATUS 
REGISTER 


\ 
CAPTURE 
HIGH 
REGISTER 
I 
\ 
\ 
CAPTURE 
LOW 
REGISTER 
1 


\ 
COMPARE 
HIGH 
REGISTER 
1 
\ 
COMPARE 
LOW 
REGISTER 
1 


\ 
COUNTER 
HIGH 
REGISTER 
\ 
\ 
COUNTER 
LOW 
REGISTER 
\ 
ALTERNATE 
COUNTER 
HIGH 
REGISTER 
\ 
ALTERNATE 
COUNTER 
LOW 
REGISTER 
\ 
\ 
CAPTURE 
HIGH 
REGISTER 
2 
\ 
CAPTURE 
LOW 
REGISTER 
2 


\ 
COMPARE 
HIGH 
REGISTER 
2 
\ 
COMPARE 
LOW 
REGISTER 
2 


The shared 
stack area is used during 
processing 
of an 


interrupt 
or subroutine 
call to save the CPU state. The 
stack pointer 
decrements 
during 
pushes and increments 


during 
pulls. 
Refer to INTERRUPTS 
for additional 
infor- 


mation. 


NOTE 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent it from being 
overwritten 
due to stacking 
from 
an interrupt 
or 
subroutine 
call. 


EEPROM 


The MCU has 256 bytes of byte-erasable 
EEPROM (255 


bytes 
general 
purpose 
and 
1-byte 
option 
register). 
lo- 
cated at addresses $0100-$01 FF_An internal charge pump, 
connected 
to the Vpp 
pin, avoids 
the necessity 
of sup- 
plying 
a high 
voltage 
for erase and programming. 
The 


Vpp pin should 
be left open. 


An external 
high voltage 
should 
not be applied 
to 
this pin. 


lOll 


SOl 


S02 


103 


104 


S05 


lOB 


S07 


lOB 


109 


SOA 


SOB 
sac 


100 


SOE 


SOF 


$10 


$11 


$12 II 


$13 


$14 


$15 


$16 


$17 


$18 


$19 


$IA 


$IB 


$IC 


$10 


$IE 


$IF 


To provide 
a higher 
degree of security 
for stored data, 


there 
is no bulk or row erase. 


EEPROM 
Read Operation 


To read data from 
EEPROM, the 
E1LAT bit must 
be 


zero. When 
E1LAT is zero, the E1PGM and E1ERA bits 


are forced 
to zero, and the 256-byte 
EEPROM is read as 
if it were a normal 
ROM. The Vpp charge pump generator 


is off since E1PGM is zero. If a read is performed 
while 


E1LAT is set, data will 
be read as $FF. 


When 
not performing 
a programming 
or erase op- 
eration 
on 
the 
EEPROM, 
remain 
in 
read 
mode 
(E1LAT=0). 


EEPROM 
Erase Operation 


To erase a byte of EEPROM, set E1LAT and E1ERA to 


one, write 
to the address 
to be erased, 
and set E1PGM 
for a time 
tERA1. After 
the required 
erase time, 
E1LAT 
must 
be cleared, 
which 
resets 
E1ERA and 
E1PGM. 
To 
erase a second word, 
ElLA T must be cleared 
before 
it is 
set, or the erase will 
have not effect. 
This procedure 
is 
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will 
not be successful. 
Data written 
in an erase operation 
is not 
used; 
therefore, 
its value 
is not 
significant. 
User 
programs 
must 
be running 
from 
ROM or RAM since the 
EEPROM 
has its address 
and data 
buses 
latched. 


EEPROM 
Programming 
Operation 


To program 
a byte of EEPROM, set the El LAT bit, write 
data to the desired 
address, 
and set the El PGM bit for a 
time tpROG. After the required 
programming 
delay, El LAT 
must 
be cleared, 
which 
also 
resets 
E1PGM. 
While 
a pro- 
gramming 
operation 
is being 
performed, 
any access 
to 
the 
EEPROM 
will 
not be successful. 


To program 
a byte 
correctly, 
the 
byte 
must 
have 
been 
previously 
erased. 


To 
program 
a second 
word, 
E1LAT 
must 
be cleared 
before 
it is set, or the programming 
will 
have 
no effect. 


This 
procedure 
is done 
to 
increase 
the 
security 
of the 
stored 
data. 
User 
programs 
must 
be running 
from 
RAM 
or ROM since the EEPROM will have its data buses latched. 


Control 
Register 
(CTLlECLK) 
$07 


7 
6 
5 
4 
3 


Options 
Register 
(OPTRI 
$0100 


7 
6 
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E1ERA - 
EEPROM 
Erase 
1 =An 
erase will 
take place 
if E1LAT and E1PGM 
are 
both 
one. 


O=A 
programming 
operation 
will take place if E1LAT 
and E1PGM 
are both 
one. 
If E1LAT=O, 
E1ERA 
is held 
to zero. 
Once 
an EE- 
PROM 
address 
is selected, 
E 1ERA 
cannot 
be 
changed. 


E1LAT - 
EEPROM 
Latch 
Enable 
1 = Address 
and data can be latched 
into the EEPROM 
for programming 
or erase operation 
if El PGM = O. 
0= Data can be read from the EEPROM, and the E1ERA 
and El PGM 
bits are cleared. 


After 
the 
programming 
or erase 
time, 
the 
E1LAT 
bit must 
be reset 
in order 
to reset the El ERA and 
E1PGM 
bits. 


E1PGM 
- 
EEPROM 
Program 
Mode 
1 = Charge 
pump 
generator 
is on, and the 
resulting 
high 
voltage 
is applied 
to the EEPROM 
array. 
0= Charge 
pump 
generator 
is off. 


E1PGM 
cannot 
be set before 
the data 
is selected; 


it can only 
be reset 
by resetting 
E1LAT. 


The charge 
pump 
is not 
affected 
by the WAIT 
mode; 
thus, 
WAIT 
can be used 
for 
the 
erase 
or programming 
delay 
time. 
If STOP mode 
is entered, 
the EEPROM 
is set 
to read 
mode. 


The VPPl 
charge 
pump 
generator 
is normally 
supplied 
by the CPU clock, 
but for very 
low clocking 
frequencies, 


EE1P - 
EEPROM 
Protect 
1 = EEPROM 
not protected. 


0= EEPROM addresses 
from 
$0120 to $01 FF are read 
only, 
and 
attempts 
to write 
to this 
area 
will 
be 
unsuccessful. 


When 
this 
bit is erased 
to one, protection 
remains 
until 
the next 
external 
or power-up 
reset occurs. 
SEC - 
High-Security 
Bit 
1 = Security 
not active. 
0= EEPROM 
contents 
protected 
because 
access 
to 
test mode 
is inhibited. 


The SEC bit can only 
be erased 
to one externally 
by entering 
self-check 
mode, 
which 
erases 
the en- 
tire EEPROM. When 
SEC is changed, 
the new value 
has no effect 
until 
the 
next 
external 
or power-on 
reset. 


REGISTERS 


The 
MCU 
contains 
the 
registers 
described 
in the 
fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The accumulator 
is a general-purpose 
a-bit register 
used 
to hold 
operands 
and 
results 
of arithmetic 
calculations 
or data 
manipulations. 


o 
---A---I 


INDEX 
REGISTER 
(XI 


The index 
register 
is an a-bit 
register 
used 
for the 
in- 
dexed 
addressing 
mode. 
It contains 
an a-bit 
value 
that 
may be added 
to an a- or 16-bit immediate 
value 
to create 
an effective 
address. 
The index 
register 
may also be used 
as a temporary 
storage 
area. 


o 


___ 
x 
1 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 13-bit 
register 
that 
contains 
the address 
of the next 
instruction 
to be executed. 


12 
0 


I 
p_c 
1 
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STACK POINTER (SP) 


The stack 
pointer 
is a 13-bit 
register 
that 
contains 
the 
address 
of the next free 
location 
on the stack. 
During 
an 
MCU 
reset 
or the 
reset 
stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set to location 
$OOFF.The stack pointer 


is then 
decremented 
as data is pushed 
onto the stack and 
incremented 
as data 
is pulled 
from 
the stack. 
When 
accessing 
memory, 
the 
seven 
most 
significant 
bits are permanently 
set to 0000011. 
These seven 
bits are 
appended 
to the six least significant 
register 
bits to pro- 


duce 
an 
address 
within 
the 
range 
of 
$OOFF to 
$OOCO. 
Subroutines 
and 
interrupts 
may 
use up to 64 (decimal) 
locations. 
If 64 locations 
are exceeded, 
the stack 
pointer 
wraps 
around 
and 
loses 
the 
previously 
stored 
informa- 
tion. A subroutine 
call occupies 
two 
locations 
on the stack; 


an interrupt 
uses five 
locations. 


12 
7 
0 


CiliIiliIiliLJ========s=p=======1 


CONDITION 
CODE REGISTER ICCR) 


The CCR is a 5-bit 
register 
in which 
four 
bits 
are used 
to 
indicate 
the 
results 
of the 
instruction 
just 
executed. 
These 
bits 
can be individually 
tested 
by a program, 
and 
specific 
actions 
can 
be taken 
as a result 
of their 
state. 


Each bit is explained 
in the following 
paragraphs. 


GJiliIiliJ 


Half Carry 
(H) 


This 
bit 
is set during 
ADD 
and ADC 
operations 
to in- 
dicate 
that 
a carry 
occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When 
this 
bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an interrupt 
occurs 
while 
this 
bit is 
set, the interrupt 
is latched 
and processed 
as soon as the 
interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit 
indicates 
that 
the 
result 
of the 
last 
arithmetic, 
logical, 
or 
data 
manipulation 
was 
negative 
(bit 7 in the 
result 
is a logic 
one). 


Zero 
(Z) 


When 
set, this 
bit 
indicates 
that 
the 
result 
of the 
last 
arithmetic, 
logical, 
or data 
manipulation 
was zero. 


Carry/Borrow 
IC) 


When 
set, this 
bit indicates 
that 
a carry 
or borrow 
out 
of the 
arithmetic 
logical 
unit 
(ALU) 
occurred 
during 
the 
l<ist arithmetic 
operation. 
This 
bit is also affected 
during 
bit 
test 
and 
branch 
instructions 
and 
during 
shifts 
and 
rotates. 


The self-check 
capability 
provides 
the ability 
to deter- 


mine 
if the device 
is functional. 
Table 
2 shows 
how 
self- 
check mode 
is entered. 
Self-check 
is performed 
using 
the 


circuit 
shown 
in Figure 
4. Port C pins 
PC3-PCO are mon- 


itored 
for the self-check 
results. 
After 
reset, the following 
tests 
are performed 
automatically: 


I/O - 
Exercise 
of ports 
A, S, C, and D 
RAM - 
Counter 
test for each RAM 
byte 


ROM - 
Exclusive 
OR with 
odd 
ones 
parity 
result 


Timer 
- 
Tracks 
counter 
register 
and 
checks 
ICF1, 


ICF2, OCF1, OCF2, and TOy 
flag 


Interrupts 
- 
Tests external, 
timer, 
and SCI interrupts 


SCt - 
Transmission 
test; 
checks 
RDRF, TDRE, 
TC, 


and FE flags 
AID - 
Checks 
AID on internal 
channels: 
YRL, YRH, 


and (YRL + YRH)/2 
EEPROM - 
Optional. 
Performs 
write/erase 
of the 256- 


byte 
EEPROM 
and 
then 
deactivates 
the 


security 
bit. 


PLM - 
Checks 
basic 
PLM function 
Watchdog 
System 
- 
Checks 
watchdog 
function 
Self-check 
results 
(using 
the 
LEDs 
as monitors) 
are 


shown 
in Table 3. The following 
subroutines 
are available 
to the 
user and do not require 
any external 
hardware. 


RESET Pin 
IROPin 
TCAP' Pin 
Mode 
---.1 
VSS to VDD 
VSS to VDD 
Normal 
---.1 
+9 Volts 
VDD 
Self-Check 


VSS 
VSS to VDD 
VSS to VDD 
Reset Condition 


PC3 
PC2 
PC, 
pca 
Remarks 


1 
0 
0 
, 
Bad Port 


0 
, 
1 
0 
Bad Port 


1 
0 
1 
0 
Bad RAM 
, 
0 
, 
, 
Bad ROM 


1 
, 
0 
0 
Bad Timer 


1 
1 
0 
1 
Bad SCI 
, 
1 
, 
0 
Bad AID 


0 
0 
0 
0 
Bad EEPROM 


0 
0 
0 
1 
Bad PLM 


0 
0 
, 
0 
Bad Interrupts 


0 
0 
, 
, 
Bad Watchdog 


Flashing 
Good Device 


All Others 
Bad Device, Bad Port, etc. 
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10K 
10nF 
I 
47ILFI 
8 
10 
- 
- 
NC 
VRH 
VOO 


OSCl 
16 
10M 
OSC2 
17 


RESET 


15 
NC 
0 
22 pF I 
4.8 MHz I 
22 pF 


NC 
- 
40 
~ 
Vppl 
... 


50 
19 
RO! 
IRQ 


52 
TOO 
10K 
I 


28 
PLMA 
23 
TCAP2 
10K 


21 
PLMB 
TCMP2 
47K 
- 
TCMPl 
TCAPl 
22 


51 
32 
SCLK 
PB7 
47K 
EEPROM 
TESTED 
PB6 
33 
::> 
34 
u 
PB5 
35 
:;: 
PB4 
EEPROM 
NOT TESTED 
'" 
36 
!£ 
PB3 
47K 
u 
PB2 
37 
47K 
1!l 
PBl 
38 
u 
PBO 
39 
3 
:;: 


4 
P07 
- 
5 
P06 


9 
P05 
42 


11 
P04 
PC7 
P03 
12 
P02 
43 
13 
PC6 
POl 
14 
POO 
44 
PC5 


PC4 
45 
24 
25 
PA7 
680 
46 
26 
PA6 
PC3 


27 
PA5 
47 
680 


28 
PM 
PC2 


29 
PA3 
48 
680 


30 
PA2 
PCl 


31 
PAl 
680 
PAO 
PCO 
49 
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RAM CHECK SUBROUTINE 


This 
subroutine 
returns 
with 
the Z bit cleared 
if any 
error 
is detected; 
otherwise, 
the Z bit is set. The stack 
pointer 
must be set to $FF. The stack pointer 
must be set 
to $FF. The RAM check subroutine 
is called 
at location 
$021 E. A counter 
test is done 
on each location 
from 
ad- 


dress 
$50 to $FD. Each location 
is made to count 
from 
$00 to $00 again. 
Locations 
$FE and $FF are assumed 
to 
contain 
the 
return 
address. 
Upon 
return 
to the 
user's 
program, 
if the test 
passed, 
X = $00, A = $00, and RAM 
locations 
$0050 and $OOFD contain 
$01. 


The watchdog 
system 
is turned 
on when calling this 
subroutine. 


AID CONVERTER 
CHECK SUBROUTINE 


This 
subroutine 
returns 
with 
the Z bit cleared 
if any 
error 
is detected; 
otherwise, 
the Z bit is set. The subrou- 
tine is called at location 
$1FAA with X =$00 and AID STATI 


CTRL (address 
$09) = $20 (ADON = 1 for more 
than 
100 


IJ.S and 
channel 
PDO selected). 
Conversion 
is done 
on 
three of the internal 
channels: 
VRH, VRL, and (VRL + VRH)/ 


2. The result 
of these conversions 
is verified 
at :t 1 LSB. 
Upon 
return 
to the 
user's 
program, 
if the test 
passed, 
X=$09, 
A=$OO or $01. 


ROM CHECKSUM 
SUBROUTINE 


This 
subroutine 
returns 
with 
the Z bit cleared 
if any 
error 
is detected; 
otherwise, 
the Z bit is set. The ROM 
checksum 
subroutine 
is called at location 
$0232 with RAM 
location 
$0053 equal to $01 and A=O. 
A short 
routine 
is 
set up and executed 
in RAM to compute 
a checksum 
of 
the 
entire 
ROM 
pattern. 
RAM 
locations 
$0050 through 
$0053 are overwritten. 
Upon return to the user's program, 
if the test passed, 
X = 0, A = O. 


The AID and the watchdog 
system 
are turned 
on 
when 
calling 
this subroutine. 


The MCU can be reset two 
ways: 
by initial 
power-up 
(POR) and by the external 
reset input (RESET). The RESET 
input 
consists 
mainly 
of a Schmitt 
trigger 
that senses the 
RESET line logic 
level. 


POWER·ON 
RESET 


An 
internal 
reset 
is generated 
on power-up 
to allow 
the 
internal 
clock 
generator 
to stabilize. 
The 
power-on 
reset is strictly 
for power 
turn-on 
conditions 
and should 
not be used to detect a drop in the power 
supply 
voltage. 
There is a delay 
(tpoRLl 
after the oscillator 
becomes 
ac- 
tive. If the RESET pin is low at the end O~L, 
the MCU 
will 
remain 
in the reset condition 
until 
RESET goes high. 


A mask option 
allows 
tpORL to be either 
16 or 4064 in- 
ternal 
processor 
clock cycles (tcyc. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic 
zero is applied 
to the 
RESET input 
for a period 
of one and one-half 
machine 
cycles (tcyel. 


Miscellaneous 
Register 
(OC) 


7 
6 
5 
4 


POR - 
Power-On 
Reset 
1 = The reset occurring 
is a power-on, 
not external, 
reset 
0= Power-on 
reset not in progress 
INTP - 
External 
Interrupt 
Positive 
Allows 
a choice 
of IRQ sensitivity, 
with 
INTN. See 
Table 4. 
INTN - 
External 
Interrupt 
Negative 
Allows 
a choice 
of IRQ sensitivity, 
with 
INTP. See 
Table 4. 
INTE - 
External 
Interrupt 
Enable 
Allows 
the user to enable 
or disable 
the external 
in- 
terrupt 
function. 
SFA - 
Slow/Fast 
Selection 
for PLMA 
1= Slow speed used for PLMA (4096 times the timer 
clock period) 
0= Fast speed 
used for 
PLMA 
(256 times 
the timer 
clock 
period). 
See PULSE-LENGTH 
D/A CON- 
VERTERS 
SFB - 
Slow/Fast 
Selection 
for PLMB 
1= Slow speed used for PLMB (4096 times the timer 
clock period) 
0= Fast speed 
used for PLMB 
(256 times 
the timer 
clock 
periodl. 
See PULSE-LENGTH 
D/A 
CON- 
VERTERS 
SM - 
Slow 
Mode 
1= System 
runs at 1116th the normal 
clock rate (fosc/ 


32) 


0= System 
runs at normal 
clock rate (fosc/2) 


WDOG - 
Watchdog 
Counter 
System 
1= Watchdog 
counter 
system 
enabled 


0= Watchdog 
counter 
system 
disabled 


The 
reset 
generated 
by the 
watchdog 
timer 
is a 
system 
reset; 
thus, the watchdog 
is disabled 
after 
a watchdog 
reset. 


INTP 
INTN 
External Interrupt Options 
a 
a 
Negative Edge and Low-Level Sensitive 
a 
1 
Negative Edge Only 
, 
a 
Positive Edge Only 
1 
, 
Positive and Negative Edge Sensitive 


I 
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I 


STACK 
n 
U 
P 
T 


NOTE: Since the Stack Pointer decrements during pushes, the 
PCL is stacked first, followed by PCH,etc. Pulling from 
the stack is in the reverse order. 


The slow 
mode function 
is controlled 
by the SM bit in 
the miscellaneous 
register 
(DC). In slow 
mode 
(SM = 1), 
an extra 
divide-by-sixteen 
circuit 
is added 
between 
the 
oscillator 
and the internal 
clock driver. This slows all func- 
tions 
by a factor 
of 16 (including 
SCI, AiD, and timer). 


which 
is particularly 
useful 
in WAIT mode. SM is cleared 
by external 
or power-on 
reset and by STOP mode. 


NOTE 


If slow 
mode 
is enabled 
while 
using 
the AiD, the 
internal 
AiD RC oscillator 
should 
be turned 
on. 


Watchdog 
System 


The watchdog 
counter 
is driven 
by the 1024 prescaler 
in the timer 
and, unless the counter 
is reset, generates 
a 
system 
reset 
when 
it 
reaches 
its 
maximum 
count 


(1024x8). 
A mask option 
is available 
that provides 
two 
methods 
of enabling 
the watchdog 
timer. 
In the first 
option, 
the 
watchdog 
system 
is controlled 
by the WDOG 
bit in the 
miscellaneous 
register 
(DC).Writing 
a one to the bit starts 
the watchdog 
or, if it is already started, 
resets the counter 
to zero. Writing 
a zero has no effect; 
the WDOG bit can 
only 
be cleared 
by external 
or power-on 
reset. 
In the 
second 
option, 
the watchdog 
timer 
is always 
enabled 
following 
reset. 


A second 
mask option 
determines 
the watchdog 
timer 
function 
during 
WAIT. 
The watchdog 
timer 
can remain 
active 
during 
WAIT, and can cause a reset if the device 
remains 
in WAIT 
longer 
than the watchdog 
timeout 
pe- 
riod. 
Alternatively, 
the watchdog 
timer 
suspends 
oper- 
ation dUring WAIT and resets its count, 
resuming 
normal 
operation 
following 
reset. 


The MCU can be interrupted 
four 
different 
ways: 
the 
three maskable 
hardware 
interrupts 
(IRQ, SCI, and timer) 
and the nonmaskable 
software 
interrupt 
instruction 
(SWI). 
Interrupts 
cause the processor 
to save register contents 
on the stack and to set the interrupt 
mask (I bit) to prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
Ister contents 
to be recovered 
from the stack and normal 


Figure 5. 
Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted 
but are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


NOTE 


The current 
instruction 
is the one already 
fetched 
and being 
operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks 
all pending 
hardware 
interrupts. 
If unmasked 
(I 
bit clear) and if the corresponding 
interrupt 
enable 
bit is 
set, the 
processor 
proceeds 
with 
interrupt 
processing; 


otherwise, 
the next instruction 
is fetched 
and executed. 


If both an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
exeCution, 
the ex- 
ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other instruction, 
regardless 
olthe 
I-bit state. 


Refer to Figure 
6 for the reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


There are three different 
timer interrupt 
flags that cause 
a timer 
interrupt 
whenever 
they are set and enabled. 
The 
interrupt 
flags are in the timer 
status register 
(TSR), and 
the enable 
bits are in the timer 
control 
register 
(TCR). 
Refer to TIMER for more 
information. 


EXTERNAL INTERRUPT 


If the 
interrupt 
mask 
bit (I bit) 
of the CCR is set, all 
interrupts 
are disabled. 
Clearing 
the I bit enables the ex- 


ternal. interrupt. 
The external 
interrupt 
is internally 
~- 
chronlzed 
and then 
latched 
on the falling 
edge 
of IRQ. 
The action of the external 
interrupt 
is identical 
to the timer 
interrupt 
with 
the 
exception 
that 
the 
interrupt 
request 
input 
at IRQ is latched 
internally 
and the service 
routine 
address 
is specified 
by the contents 
of $1FFA and $1 FFB. 


Four options 
are available 
for interrupt 
triggering 
sen- 
sitivity: 


• 
Negative 
edge and low level 


• 
Negative 
edge only 


• 
Positive 
edge on Iy 
• 
Positive 
and negative 
edge 
See Miscellaneous 
Register 
(OCI for further 
information. 


1 j 


11111 
I 
CONDITION 
CODE 
REGISTER 


ACCUMULATOR 


INDEX 
REGISTER 


o I 0 I 0 I 
PCH 


PCl 
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CLEAR IRQ 
REQUEST 
LATCH 


LOAD PC FROM: 
SWI: $lFFC-$IFFO 
SWI: $IFFA-$IFFB 
TIMER: $lFF8-$IFF9 
SCI: $1FF6-$1FF7 


COMPLETE 
INTERRUPT 
ROUTINE 
AND EXECUTE 
RTI 


Figure 7 shows a mode timing 
diagram 
for the interrupt 
line. The timing 
diagram 
shows 
two 
treatments 
of the 
interrupt 
line to the processor. 
The first method 
shows 
a 
single 
pulse on the interrupt 
line spaced far enough 
apart 
to be serviced. 
The minimum 
time 
between 
pulses 
is a 
function 
of the 
length 
of the 
interrupt 
service. 
Once 
a 
pulse occurs. the next pulse should 
not occur until an RTI 
occurs. This time (tIUL) is obtained 
by adding 
21 instruc- 
tion cycles to the total 
number 
of cycles it takes to com- 
plete the service routine (not including 
the RTI instruction). 


The second 
method 
shows 
many 
interrupt 
lines "wire- 


ORed" 
to form 
the interrupts 
at the processor. 
If the in- 


terrupt 
line remains 
low after servicing 
an interrupt. 
then 
the next interrupt 
is recognized. 


NOTE 


The internal 
interrupt 
latch is cleared in the first part 
of the interrupt 
service 
routine; 
therefore. 
one ex- 


ternal 
interrupt 
pulse could 
be latched and serviced 
as soon as the I bit is cleared. 


I 
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II 


IRQ~tILlH 
u 


~ 
tILlL 
·1 


Edge-Sensitive 
Trigger 
Condition 
The minimum 
pulse width (tILlH) is either 
125 ns (VOO= 5 VI or 250 ns IVOO= 3 VI. 
The period tlLlL should 
not be less than 
the number 
of tcyc cycles it takes to ex- 


ecute the interrupt service routine plus 21 
tcyc cycles. 


Level-Sensitive 
Trigger 
Condition 
If after servicing 
an interrupt 
the IRQ re- 


mains low, then the next interrupt is rec· 
ognized. 


NORMALLY 
USEDWITH 
WIRE-ORed 
CONNECTION 


III FETCHRESETVECTOROR 
121 SERVICEINTERRUPT 
A.STACK 
B.SETI BIT 
C.VECTORTO INTERRUPT 
ROUTINE 


~ 
r 


IRQ--' 
r 
IMCUI 
1 
_ 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state 
of the I bit in the CCR. If the 
I bit 
is zero, 
SWI executes 
after the other 
interrupts. 
The SWI 
operation 
is similar 
to the 
hardware 
interrupts. 
The 
in- 
terrupt 
service 
routine 
address 
is specified 
by the 
con- 
tents 
of memory 
locations 
$1 FFC and $1 FFD. 


SCI INTERRUPTS 


An interrupt 
in the SCI occurs 
when 
one ofthe 
interrupt 
flag 
bits 
in the 
serial 
communications 
status 
register 
is 
set. provided 
the I bit in the CCR is clear 
and the enable 
bit in the serial 
communications 
control 
register 
2 is set. 


Software 
in the serial 
interrupt 
service 
routine 
must 
de- 


termine 
the 
cause 
and 
priority 
of the 
sel 
interrupt 
by 
examining 
the 
interrupt 
flags 
and 
status 
bits 
in the 
SCI 
status 
register. 


STOP 


The STOP instruction 
places the MCU in its lowest 
power 
consumption 
mode. 
In the STOP mode, 
the 
internal 
os- 
cillator 
is turned 
off, 
halting 
all 
internal 
processing 
in- 
cluding 
timer, 
SCI, and AID operation 
(refer 
to Figure 
8). 
During 
the 
STOP 
mode, 
the 
TCR bits 
are 
altered 
to 
remove 
any 
pending 
timer 
interrupt 
request 
and to dis- 
able 
any further 
timer 
interrupts. 
The timer 
prescaler 
is 
cleared. 
The I bit in the CCR is cleared 
to enable 
external 
interrupts. 
All 
other 
registers 
and memory 
remain 
unal- 


tered. 
All input/output 
lines 
remain 
unchanged. 
The pro- 
cessor 
can be brought 
out of the STOP mode 
only 
by an 
external 
interrupt 
or reset. 


SCI during 
STOP Mode 


When 
the 
MCU 
enters 
the STOP mode, 
the 
baud 
rate 
generator 
stops, 
halting 
all SCI activity. 
If the 
STOP in- 
struction 
is executed 
during 
a transmitter 
transfer, 
that 
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transfer 
is halted. 
If a low input to the IRQ pin is used to 
exit STOP mode, the transfer 
resumes. 
If the SCI receiver 
is receiving 
data and the STOP mode is entered, 
received 
data 
sampling 
stops 
because 
the 
baud 
rate generator 
stops, and all subsequent 
data is lost. For these reasons, 


all SCI transfers 
should 
be in the idle state when the STOP 
instruction 
is executed. 


Watchdog during STOP Mode 


The STOP instruction 
is inhibited 
when 
the watchdog 
system 
is enabled. 
If a STOP instruction 
is executed while 
the watchdog 
is enabled, 
a reset occurs 
that 
resets the 
entire 
MCU. 


EEPROM during STOP Mode 


The EEPROM is set to read, and the VPP1 high-voltage 
charge 
pump 
generator 
is disabled 
when 
stop 
mode 
is 
entered. 


PLM during STOP Mode 


When 
the 
MCU 
enters 
stop 
mode, 
the 
PLM outputs 
remain 
at their 
particular 
level. 
If power-on 
or external 
reset causes the exit from 
stop mode, the register 
values 
are forced 
to $00. 


AID Converter during STOP Mode 


When 
stop 
mode 
is entered 
with 
the AID converter 
turned 
on, the AID clocks are stopped 
and the AID con- 


verter is disabled 
for the duration 
of stop mode, including 
the tPORl 
startup 
time. 
If the AID RC oscillator 
is used, 
it will 
also be disabled. 


When leaving STOP mode, after the tpORl 
startup time, 


the AID converter 
and AID RC oscillator 
resume 
regular 
operation. 
However, 
a time 
tADON 
is required 
for 
the 
current 
sources 
to stabilize. 
During 
tADON, 
AID conver- 
sion results 
may be inaccurate. 


The WAIT 
instruction 
places the MCU in a low-power 
consumption 
mode, but the WAIT mode consumes 
more 
power 
than 
the 
STOP 
mode. 
All 
CPU action 
and 
the 
watchdog 
system are suspended, 
but the timer, 
SCI, PlM, 
and AID 
remain 
active 
(refer 
to Figure 
9). An interrupt 
from 
the timer, 
SCI, or an IRQ can cause the MCU to exit 
the WAIT mode. 


During 
the WAIT 
mode, the I bit in the CCR is cleared 
to enable 
interrupts. 
All 
other 
registers, 
memory, 
and 
input/output 
lines remain in their previous 
state. The timer 
may be enabled 
to allow 
a periodic 
exit from 
the WAIT 
mode. 


To achieve 
proper 
operation 
and reduce 
power 
con- 
sumption, 
the following 
points 
should 
be set as desired 
before 
entering 
wait 
mode: 


• 
Timer 
interrupt 
enable 
bits 


• 
AID control 
bits 


• 
EEPROM control 
bits 


• 
SCI enable 
bits and interrupt 
enable 
bits 


OSCILLATOR ACTIVE 
TIMER, SCI, ANO AlO 
CLOCKS ACTIVE 
PROCESSOR CLOCKS STOPPEO 


{O FETCH RESET VECTOR OR 
{21 SERVICE INTERRUPT 
A. STACK 
B. SET I BIT 
C. VECTOR TO INTERRUPT 
ROUTINE 


The timer 
consists 
of a 16-bit, software-programmable 
counter 
driven 
by a fixed 
divide-by-four 
prescaler. 
This 
timer 
can be used for 
many 
purposes, 
including 
input 
waveform 
measurements 
of two 
input 
signals 
while 
si- 


multaneously 
generating 
two 
output 
waveforms. 
Pulse 
widths 
can vary from several microseconds 
to many sec- 
onds. The programmable 
timer works in conjunction 
with 
the PlM 
system 
to execute 
two 
8-bit 
D/A PlM 
conver- 


sions, with a choice of two repetition 
rates. Referto 
Figure 
10 for a timer 
block diagram. 


Because the timer 
has a 16-bit architecture, 
each spe- 
cific functional 
segment 
(capability) 
is represented 
by two 
registers. 
These registers 
contain 
the high and low byte 
of that functional 
segment. 
Generally, 
accessing 
the low 
byte of a specific timer· function 
allows full control 
of that 
function; 
however, 
an access of the 
high 
byte 
inhibits 
that specific 
timer 
function 
until the low byte is also ac- 
cessed. 


• 
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• 


COUNTER 
S'A 


AlTERNATE 
REGISTER 
S,B 


TIMER 
STATUS 
REGISTER 
SI3 


INPUT 
OUTPUT 
OVERflOW 


CAPTURE 
COMPARE 
INTERRUPT 


INTERRUPT 
INTERRUPT 
S'ff4,5 
S1Ffa, 
a 
S,ffti, 
7 


TIMER 
CONTROL 
REGiSTER 
S'2 


NOTE 


The I bit in the CCR should 
be set while 
manipu- 
lating 
both the high and low byte register 
of a spe- 
cific timer 
function 
to ensure that an interrupt 
does 
not occur. 


COUNTER 


The key element 
in the programmable 
timer 
is a 16- 
bit, free-running 
counter 
or counter 
register, 
preceded 
by 


a prescaler 
that divides 
the internal 
processor 
clock 
by 
four. 
The prescaler 
gives 
the timer 
a resolution 
of 2.0 
microseconds 
if the internal 
bus clock 
is 2.0 MHz. The 
counter 
is incremented 
during 
the low portion 
of the in- 
ternal 
bus clock. 
Software 
can read the counter 
at any 
time without 
affecting 
its value. 
The double-byte, 
free-running 
counter 
can be read from 
either 
of two 
locations, 
$1B-$19 
(counter 
register) 
or 
$1A-$1 B (counter 
alternate 
register). 
A read from 
only 
the least significant 
byte (LSB) of the free-running 
counter 
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($19, $1 B) receives the count value at the time of the read. 
If a read of the free-running 
counter 
or counter 
alternate 
register 
first 
addresses 
the most significant 
byte (MSB) 
($18, $1A). the LSB ($19, $1B) is transferred 
to a buffer. 


This buffer 
value 
remains 
fixed 
after the first 
MSB read, 


even if the user reads the MSB several times. This buffer 
is accessed 
when 
reading 
the free-running 
counter 
or 
counter 
alternate 
register 
LSB ($19 or $1 B) and, thus, 


completes 
a read sequence 
of the total counter 
value. 
In 
reading 
either 
the free-running 
counter 
or counter 
alter- 
nate register, 
if the MSB is read, the LSB must 
also be 
read to complete 
the sequence. 
The counter 
alternate 
register 
differs 
from 
the counter 
register 
in one respect: 
a read of the counter 
register 
LSB 
can clear 
the timer 
overflow 
flag 
(TOF). Therefore, 
the 


counter 
alternate 
register 
can be read at any time without 
the possibility 
of missing 
timer 
overflow 
interrupts 
due 
to clearing 
of the TOF. 


The free-running 
counter 
is configured 
to $FFFC during 
reset and is always 
a read-only 
register. 
During 
a power- 


on reset, the counter 
is also preset to $FFFC and begins 
running 
after 
the oscillator 
start-up 
delay. 
Because the 
free-running 
counter 
is 16 bits preceded 
by a fixed divide- 


by-four 
prescaler, 
the value 
in the free-running 
counter 
repeats every 262,144 internal 
bus clock cycles. When the 
counter 
rolls over from $FFFF to $0000, the TOF bit is set. 


An interrupt 
can also be enabled 
when 
counter 
rollover 
occurs 
by setting 
its interrupt 
enable 
bit (TOlE). 


Since the PLM system 
uses the timer 
counter, 
PLM 
results will 
be affected 
when 
resetting 
this counter. 


OUTPUT 
COMPARE 
REGISTERS 


There 
are two 
output 
compare 
registers: 
output 
com- 


pare 
register 
1 (OCR11 and 
output 
compare 
register 
2 
(OCR2). The output 
compare 
registers 
can be used for 
several 
purposes, 
such 
as controlling 
an output 
wave- 


form 
or indicating 
when 
a period of time has elapsed. All 
bits are readable 
and writable 
and are not altered 
by the 
timer 
hardware 
or reset. 
If the compare 
function 
is not 
needed, 
the four 
bytes 
of the output 
compare 
registers 
can be used as storage 
locations. 


The same 
output 
compare 
interrupt 
enable 
bit is 


used for the two 
output 
compares. 


Output 
Compare 
Register 
1 


The output 
compare 
register 
1 (OCR1) is a 16-bit reg- 


ister, which 
is made up of two B-bit registers 
at locations 


$16 (most significant 
byte) and $17 (least significant 
byte). 


The output 
compare 
register 
contents 
are continually 
compared 
with 
the contents 
of the free-running 
counter 
and, if a match 
is found, 
the corresponding 
output 
com- 


pare flag (OCF1, bit 6 of timer 
status 
register 
$13) is set, 


and the corresponding 
output 
level (OLVL 1) bit is clocked 
to pin TCMP1. The output 
compare 
register 
values 
and 
the output 
level 
bit should 
be changed 
after 
each suc- 


cessful 
comparison 
to control 
an output 
waveform 
or 


establish 
a new elapsed 
timeout. 
An interrupt 
can also 
accompany 
a successful 
output 
compare, 
provided 
the 
corresponding 
interrupt 
enable 
bit, OCIE, is set. 


After 
a processor 
write 
cycle 
to the output 
compare 
register 
1 containing 
the most significant 
byte ($16). the 
output 
compare 
1 function 
is inhibited 
until the least sig- 


nificant 
byte 
($17) is also written. 
The user must 
write 
both bytes (locations) 
if the most significant 
byte is writ- 
ten first. 
A write 
made only to the least significant 
byte 


($17) will 
not inhibit 
the compare 
function. 
The free-run- 


ning 
counter 
is updated 
every 
four 
internal 
bus clock 
cycles. The minimum 
time 
required 
to update the output 
compare 
register 
1 is a function 
of the program 
rather 
than the internal 
hardware. 


The processor 
can write 
to either 
byte 
of the output 
compare 
register 
1 without 
affecting 
the other 
byte. The 
output 
level (OLVL 1) bit is clocked 
to the corresponding 


output 
level register 
and then to the TCMP1 pin, regard- 


less of whether 
the output 
compare 
flag (OCF1) is set or 
clear. 


Output 
Compare 
Register 
2 


The output 
compare 
register 
2 (OCR2) is a 16-bit reg- 


ister, which 
is made up of two B-bit registers 
at locations 


$1E (most significant 
byte) and $1F (least significant 
byte). 


The function 
of OCR2 is identical 
to OCR1, requiring 
only 


changes 
of the register 
locations 
and control 
bits in the 
timer 
status register 
($13) to make the OCR1 description 
apply 
to OCR2. 


SOFTWARE 
FORCE COMPARE 


The MCU provides 
a force compare 
capability 
to facil- 


itate fixed 
frequency 
generation 
as well 
as other 
appli- 


cations. 
Bit3 (FOLV1 for OCR1) and bit4 (FOLV2 for OCR2) 
in the timer 
control 
register 
($12) implement 
this force 


compare. 
Writing 
a one to these 
bits causes the OLVL 1 


or OLVL2 values 
to be copied 
to the 
respective 
output 
registers 
(TCMP1 or TCMP2 pins). Internal 
logic allows 
a 
single instruction 
to change OLVL 1 and OLVL2 and cause 


a forced 
compare 
with 
the 
new 
values 
of OLVL 1 and 
OLVL2. 


A software 
force 
compare, 
which 
affects 
the cor- 
responding 
output 
pin TCMP1 or TCMP2, does not 
affect the compare 
flag; 
thus, it does not generate 
an interrupt. 


INPUT CAPTURE REGISTERS 


There 
are two 
input 
capture 
registers: 
input 
capture 
register 
1 (ICR1) and input 
capture 
register 
2 (ICR2). 


The same input 
capture 
interrupt 
enable 
bit (ICIE) 
is used for the two 
input capture 
registers. 


Input 
Capture 
Register 
1 


Two B-bit registers 
that make up the 16-bit input 
cap- 
ture register 
1 (ICRl) are read-only 
and are used to latch 
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the 
value 
of the 
free-running 
counter 
after 
the 
corre- 
sponding 
input 
capture 
edge detector 
senses a defined 
transition. 
The level transition 
that triggers 
the counter 


transfer 
is defined 
by the corresponding 
input 
edge bit 
(IEDG1). Reset does not affect the contents 
of the input 


capture 
register. 


The result 
obtained 
by an input 
capture 
will 
be one 
more than the value 
of the free-running 
counter 
on the 
rising 
edge 
of the internal 
bus clock 
preceding 
the ex- 


ternal 
transition. 
This delay 
is required 
for internal 
syn- 
chronization. 
Resolution 
is one count of the free-running 


counter, 
which 
is four internal-bus 
clock cycles. 


The free-running 
counter 
contents 
are transferred 
to 
the input 
capture 
register 
on each proper 
signal 
transi- 
tion, 
regardless 
of whether 
the input 
capture 
flag (ICF1) 


is set or clear. The input capture 
register 
always contains 
the free-running 
counter 
value, which corresponds 
to the 


most 
recent input 
capture. 


After 
a read of the input 
capture 
register 
1 ($14) most 


significant 
byte, the counter 
transfer 
is inhibited 
until the 


least significant 
byte ($15) is also read. This characteristic 
causes the time used in the input capture software 
routine 
and its interaction 
with 
the main 
program 
to determine 


the minimum 
pulse period. 


A read of the input 
capture 
register 
1 least significant 


byte ($15) does not inhibit 
the free-running 
counter 
trans- 


fer since they occur on opposite 
edges of the internal 
bus 
clock. 


Input 
Capture 
Register 
2 


The input 
capture 
register 
2 (ICR2) is a 16-bit register 


that 
is composed 
of two 8-bit 
registers 
at locations 
$1C 


(most 
significant 
byte) 
and $1 D (least significant 
byte). 


Input capture 
register 
2 functions 
identically 
to input cap- 


ture register 
1, except that only negative 
edge sensitivity 
is available. 
By substituting 
the appropriate 
bits 
in the 
timer 
status 
register 
($13) and substituting 
register 
lo- 
cations, 
the ICR1 description 
applies 
to ICR2. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is an 8-bit read/write 
register, 
illustrated 
below 
with 
a definition 
of each bit. 


U ~ Uneffected 
by RESET 


ICIE - 
Input Capture 
Interrupt 
Enable 
1 ~ Interrupt 
enabled 
o ~ Interrupt 
disabled 
OCIE - 
Output 
Compare 
Interrupt 
Enable 
1 ~ Interrupt 
enabled 
o ~ Interrupt 
disabled 
TOlE - 
Timer 
Overflow 
Interrupt 
Enable 


1 ~ Interrupt 
enabled 
o ~ Interrupt 
disabled 


FOlV2 
- 
Force Output 
Compare 
2 


1 ~ Forces the OlVl2 
bit to the corresponding 
output 
latch 


o~ No effect 
FOlV1 - 
Force Output 
Compare 
1 
1 ~ Forces the OlVl1 
bit to the corresponding 
output 
latch 
o~ No effect 
OlVl2 
- 
Output 
level 
2 
1 ~ The value of the output 
level 2 bit, which 
is copied 
to the output 
level 
latch 
by the next 
successful 
output 
compare 
2, appears 
at TCMP2 


O~ No effect 
IEDG1 - 
Input 
Edge 
Value of input 
edge determines 
which 
level transition 


on TCAP1 pin will trigger 
free-running 
counter 
transfer 
to the input 
capture 
register. 


1 ~ Positive 
edge 
o ~ Negative 
edge 
OLVL 1 - 
Output 
Level 1 
Value 
of output 
level 
1, which 
is copied 
into 
output 
level register 
by the next successful 
output 
compare 
1, 


will 
appear 
on the TCMP1 pin. 


1 ~ High output 
o ~ Low output 


TIMER STATUS 
REGISTER (TSR) $13 


The TSR is a read-only 
register 
containing 
three status 
flag bits. Bits 0-4 always 
read zero. 


ICF1 - 
Input Capture 
Flag 1 
1~ Flag set when selected 
polarity 
edge is sensed by 
input 
capture 
edge detector 
o ~ Flag cleared 
when 
TSR and input 
capture 
1 low 
register 
($15) are accessed 
OCF1 - 
Output 
Capture 
Flag 1 
1~ Flag set when 
output 
compare 
register 
contents 
match the free-running 
counter 
contents 
o ~ Flag cleared when TSR and output 
compare 
1 low 
register 
($17) are accessed 
TOF - 
Timer 
Overflow 
Flag 
1~ Flag set when free-running 
counter transition 
from 
$FFFF to $0000 occu rs 
o ~ Flag cleared 
when 
TSR and counter 
low register 
($19) are accessed 
ICF2 - 
Input Capture 
Flag 2 
1 ~ Flag set when selected 
polarity 
edge is sensed by 


input 
capture 
2 edge detector 
o ~ Flag cleared 
when 
TSR and input 
capture 
2 low 
register 
($1D) are accessed 
OCF2 - 
Output 
Capture 
Flag 2 
1~ Flag set when 
output 
compare 
register 
contents 
match the free-running 
counter 
contents 


o ~ Flag cleared 
when 
TSR and output 
compare 
low 
register 
2 ($1F) are accessed 
Bits 0-2 - 
Not Used 
Can read either 
zero or one. 
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TIMER 
DURING 
WAIT 
MODE 


The CPU clock 
halts 
during 
the WAIT 
mode. 
but the 
timer 
remains 
active. An interrupt 
from 
the timer 
causes 
the processor 
to exit the WAIT mode. 


TIMER 
DURING 
STOP MODE 


In the STOP mode. the timer 
stops counting 
and holds 
the last count 
value 
if STOP is exited 
by an interrupt. 
If 
reset is used. the counter 
is forced to $FFFC. During STOP. 


if at least one valid input capture 
edge occurs at the TCAP 
pin. the input 
capture 
detect 
circuit 
is armed. 
This does 
not set any timer 
flags 
or wake up the MCU. but when 
the MCU does wake up. there 
is an active 
input capture 
flag and data from 
the first valid edge that occurred 
dur- 
ing the STOP mode. 
If reset is used to exit STOP mode. 


then no input capture 
flag or data remains. 
even if a valid 
input 
capture 
edge occurred. 
Accessing 
the timer 
status 
register 
satisfies 
the first 
condition 
required 
to clear status bits. The remaining 
step 
is to access the register 
corresponding 
to the status 
bit. 


A problem 
can occur when using the timer overflow 
func- 
tion and reading the free-running 
counter at random times 
to measure 
an elapsed 
time. 
Without 
incorporating 
the 
proper 
precautions 
into software. 
the timer overflow 
flag 
could 
unintentionally 
be cleared 
if 1) the timer 
status 
register 
is read or written 
when 
TOF is set, and 2) the 
least significant 
byte of the free-running 
counter 
is read 
but not for the purpose 
of servicing 
the flag. 


The counter 
alternate 
register 
at address 
$1A and $1B 
contains 
the same value 
as the free-running 
counter 
(at 
address 
$18 and $19); 
therefore. 
this 
alternate 
register 
can be read at any time without 
affecting 
the timer 
over- 
flow 
flag in the timer 
status 
register. 


A full-duplex 
asynchronous 
SCI is provided 
with 
a 
standard 
NRZ format 
and a variety 
of baud rates. The SCI 
transmitter 
and receiver 
are functionally 
independent 
but 
use the same data format 
and baud rate prescaler. 
The 
terms 
baud 
and bit rate are used synonymously 
in the 
following 
description. 


SCI TWO-WIRE 
SYSTEM 
FEATURES 


• 
Standard 
NRZ (mark/space) 
format 
• 
Advanced 
error detection 
method 
includes 
noise de- 
tection 
for noise duration 
of up to one-sixteenth 
bit 
time 


• 
Full-duplex 
operation 
(simultaneous 
transmit 
and re- 
ceive) 
• 
Software 
programmable 
for one of 32 different 
baud 
rates 
• 
Different 
baud rates possible for transmit 
and receive 
• 
Software-selectable 
word 
length 
(eight- 
or nine-bit 
words) 
• 
Separate 
transmitter 
and receiver 
enable 
bits 
• 
SCI may be interrupt 
driven 
• 
Four separate 
interrupt 
conditions 


SCI RECEIVER 
FEATURES 
• 
Receiver wake-up 
function 
(idle or address 
bit) 
• 
Idle line detect 
• 
Framing 
error detect 
• 
Noise detect 
• 
Overrun 
detect 
• 
Receiver data register 
full flag 


SCI TRANSMITIER 
FEATURES 


• 
Transmit 
data register 
empty 
flag 
• 
Transmit 
complete 
flag 
• 
Break send 


Any SCI two-wire 
system 
requires 
receive data in (ROil 
and transmit 
data out (TOO). 


DATA FORMAT 


Receive data in (ROI) or transmit 
data out (TOO) is the 
serial data presented 
between 
the internal 
data bus and 
the output 
pin (TOO) and between 
the input pin (ROil and 
the internal 
data bus. Data format 
is as shown 
for the 
NRZ in Figure 
11. 


WAKE·UP 
FEATURE 


In a typical 
multiprocessor 
configuration. 
the software 
protocol 
will 
usually 
identify 
the addressee(s) 
at the be- 
ginning 
of the message. To permit 
uninterested 
MPUs to 
ignore the remainder 
of the message, 
a wake-up 
feature 
is included, 
whereby 
all further 
SCI receiver 
flag 
(and 
interrupt) 
processing 
can be inhibited 
until 
its data line 
returns to the idle state. An SCI receiver 
is re-enabled 
by 
an idle string 
of at least ten (or eleven) consecutive 
ones. 


Software 
for the transmitter 
must provide 
forthe 
required 
idle string 
between 
consecutive 
messages 
and prevent 
it from 
occurring 
within 
messages . 
A second wake-up 
method 
is available 
in which 
sleep- 
ing SCI receivers 
can be awakened 
by a logic one in the 
high-order 
bit of a received 
character. 


• 
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RECEIVE 
DATA IN 


Receive 
data 
in (RDI) is the serial 
data which 
is pre- 
sented from 
the input 
pin via the SCI to the receive data 
register 
(RDR). While 
waiting 
for a start bit, the receiver 
samples 
the input 
at a rate 16 times 
higher 
than the set 
baud 
rate. This 
increased 
rate is referred 
to as the 
RT 
rate. When the input (idle) line is detected 
low, it is tested 
for three more sample times. 
If at least two of these three 
samples 
detect 
a logic 
low, a valid 
start 
bit is assumed 
to be detected. 
If in two or more samples, 
a logic high is 
detected, 
the line is assumed 
to be idle. The receive clock 
generator 
is controlled 
by the baud rate register 
(see Fig- 
ure 13); however, 
the SCI is synchronized 
by the start bit 
independent 
of the transmitter. 
Once a valid 
start bit is 
detected, 
the start bit, each data bit, and the stop bit are 
each sampled 
three times. 
The value of the bit is deter- 
mined by voting 
logic, which takes the value of a majority 
of samples. 
A noise flag is set when 
all three samples 
on 


a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification 
samples 
do not 
agree. 


START BIT DETECTION 
FOLLOWING 
A FRAMING 
ERROR 


If there has been a framing 
error (FE) without 
detection 
of a break (10 zeros for 8-bit format 
or 11 zeros for a 9- 
bit format), 
the circuit 
continues 
to operate 
as if there 
actually 
were a stop bit, and the start edge will be placed 
artificially. 
The last bit received 
in the data shift register 
is inverted 
to a logic 
one, and the three 
logic-one 
start 
qualifiers 
are forced 
into the sample 
shift register 
during 
the interval 
when 
detection 
of a start bit is anticipated; 


therefore, 
the start bit will be accepted 
no sooner 
than it 
is anticipated. 


If the 
receiver 
detects 
that 
a break 
(RDRF= 1, FE= 1, 


receiver 
data register = $00) produced 
the framing 
error, 


the start 
bit will 
not be artificially 
induced, 
and the re- 
ceiver 
must actually 
receive a logic one before 
start. 


SCI SYNCHRONOUS 
TRANSMISSION 


The 
SCI transmitter 
allows 
a one-way 
synchronous 
transmission, 
with 
the SCLK pin as the clock output. 
No 
clock 
is sent to the SCLK pin during 
the stop and start 
bits. 
The 
LCL bit 
(SSCR1) controls 
whether 
clocks 
are 
active 
during 
the last valid 
data bit (address 
mark). The 
CPOL bit selects clock polarity, 
and the CPHA bit selects 
the phase 
of the external 
clock. 
During 
idle, 
preamble, 
and send break, the external 
SCLK clock is not active. 


These options 
allow 
the SCI to control 
serial 
periph- 


erals consisting 
of shift registers 
without 
losing any func- 
tion 
of the SCI transmitter. 
These options 
do not affect 
the SCI receiver, which 
is independent 
of the transmitter. 


The SCLK pin works 
in conjunction 
with 
the TDO pin. 
When 
the SCI transmitter 
is disabled, 
the SCLK and the 
TDO pins assume 
a high-impedance 
state. 


NOTE 


THE LBCL, CPOL and CPHA bits must 
be selected 
before the transmitter 
is enabled 
to ensure that the 
clocks function 
correctly. 
These bits should 
not be 
changed 
while 
the transmitter 
is enabled. 


TRANSMIT 
DATA OUT 


Transmit 
data out 
(TDO) is the serial 
data 
presented 
from 
the transmit 
data register 
(TDR) via the SCI to the 
output 
pin. The transmitter 
generates 
a bit time 
by using 
a derivative 
of the RT clock, 
producing 
a transmission 
rate equal 
to one-sixteenth 
that 
of the receiver 
sample 
clock 
(if the 
same 
baud 
rate 
is used for 
transmit 
and 
receive). 


FUNCTIONAL 
DESCRIPTION 


A block diagram 
of the SCI is shown 
in Figure 
12. The 


user has option 
bits in the serial communications 
control 
register 
1 (SCCR1) to determine 
the SCI wake-up 
method 
and 
data 
word 
length. 
Serial 
communications 
control 
register 
2 (SCCR2) provides 
control 
bits that individually 
enable/disable 
the transmitter 
or receiver, 
enable system 
interrupts, 
and provide 
wake-up 
enable, 
and send break 
code bits. The baud 
rate register 
bits allow 
the user to 
select 
different 
baud 
rates 
for 
the 
transmitter 
and 
re- 
ceiver. 


Data transmission 
is initiated 
by a write 
to the serial 
communications 
data 
register 
(SCDAT). 
Provided 
the 
transmitter 
is enabled, 
data stored 
in the SCDAT is trans- 


ferred to the transmit 
data shift register. This data transfer 
sets the SCI status register 
(SCSR) transmit 
data register 


empty 
(TDRE) bit and generates 
an interrupt 
if the trans- 
mit interrupt 
is enabled. 
Data transfer 
to the transmit 
data 
shift 
register 
is synchronized 
with 
the bit rate clock. All 
data is transmitted 
LSB first. 
Upon 
completion 
of data 
transmission, 
the transmission 
complete 
(TC) bit is set 
(provided 
no pending 
data, 
preamble, 
or break code 
is 
sentl. 
and an interrupt 
is generated 
if the transmit 
com- 
plete interrupt 
is enabled. 
If the transmitter 
is disabled, 
and the data, preamble, 
or break code has been sent, the 
TC bit will 
also be set, which 
will 
also generate 
an inter- 


rupt if the TCIE bit is set. If the transmitter 
is disabled 
in 
the middle 
of a transmission, 
that character 
will 
be com- 


pleted before the transmitter 
gives up control 
of the TDO 
pin. 
When the SCDAT is read, it contains 
the last data byte 
received, provided 
that the receiver 
is enabled. The SCSR 
receive data register 
full (RDRF) bit is set to indicate 
that 
a data byte is transferred 
from 
the input 
serial shift 
reg- 


ister to the SCDAT, which 
can cause an interrupt 
if the 
receiver 
interrupt 
is enabled. 
Data transfer 
from the input 
serial shift 
register 
to the SCDAT is synchronized 
by the 
receiver 
bit rate clock. The SCSR overrun 
(ORl. noise flag 
(NFl. or FE bits are set if data reception 
errors 
occur. 


An idle line interrupt 
is generated 
if the idle line inter- 
rupt is enabled 
and the SCSR IDLE bit (which detects idle 
line transmission) 
is set. This allows 
a receiver that is not 
in the wake-up 
mode to detect the end of a message, 
the 


preamble 
of a new 
message, 
or to resynchronize 
with 
the transmitter. 
A valid character 
must be received 
before 
the idle line condition 
for the IDLE bit to be set and for 
an idle line interrupt 
to be generated. 


REGISTERS 


There 
are five 
registers 
used in the SCI; the 
internal 
configuration 
of these 
registers 
is discussed 
in the fol- 


lowing 
paragraphs. 
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Serial 
Communications 
Data 
Register 
(SCDAT) 
$11 


The SCDAT 
is a read/write 
register 
used to receive 
and 
transmit 
SCI data. 


As shown 
in Figure 
12, SCDAT 
functions 
as two 
sep- 
arate 
registers. 
The transmit 
data register 
(TDR) provides 
the 
parallel 
interface 
from 
the 
internal 
data 
bus to the 
transmit 
shift 
register. 
The 
receive 
data 
register 
(RDR) 
provides 
the 
interface 
from 
the 
receive 
shift 
register 
to 
the internal 
data 
bus. 


Serial 
Communications 
Control 
Register 
1 (SCCR1) $OE 


The SCCR1 provides 
control 
bits that 
determine 
word 
length, 
select 
the 
wake-up 
method, 
and control 
the 
op- 
tinns 
to 
output 
the 
transmitter 
clocks 
for 
synchronous 
transmissions. 


R8 - 
Receive 
Data Bit 8 
R8 bit provides 
storage 
location 
for the ninth 
bit in the 
receive 
data 
byte 
(if M = 1). 


T8 - 
Transmit 
Data Bit 8 
T8 bit provides 
storage 
location 
for the ninth 
bit in the 
transmit 
data 
byte 
(if M = 1). 
M - 
SCI Character 
Word 
Length 
1 = one start 
bit, nine 
data 
bits, 
one stop 
bit 
0= one start 
bit, eight 
data 
bits, 
one stop 
bit 
WAKE 
- 
Wake-Up 
Select 
Wake 
bit selects 
the receiver 
wake-up 
method. 
1 = Address 
bit (most 
significant 
bit) 
0= Idle line condition 
CPOL - Clock 
Polarity 
Selects 
the clock 
polarity 
sent to the SCLK pin. 


1 = Steady 
state 
high 
outside 
the transmission 
win- 


dow 
0= Steady 
state 
low 
outside 
the 
transmission 
win- 
dow 
The CPOL bit should 
not be changed 
with 
the trans- 
mitter 
active. 
CPHA - 
Clock 
Phase 
Selects 
the clock 
phase 
sent to the SCLK pin. 


1 = SCLK line 
activated 
at the beginning 
of the data 
bit 
O=SCLK 
line 
activated 
in the middle 
of the data 
bit 


(see Figures 
13 and 
14) 


The 
CPHA 
bit 
should 
not 
be 
changed 
with 
the 


transmitter 
active. 


LBCL - 
Last Bit Clock 
Selects 
whether 
the clock 
associated 
with 
the last data 
bit transmitted 
is output 
to the SCLK pin. 


1 = Last data 
bit output 


0= Last data 
bit not output 
The last data bit is the eighth 
or ninth 
bit, depend- 
ing on whether 
an 8- or 9-bit 
format 
is used 
(see 
Table 
5). 
The 
LBCL 
bit 
should 
not 
be changed 
while 
the 
transmitter 
is enabled. 
Bit 5 - 
Not used 
Can read either 
one or zero 


Data 
Number of 
M Bit 
LBCL Bit 
Clocks on 
Format 
SCLK Pin 


8 Bit 
0 
0 
7 


8 Bit 
0 
1 
8 


9 Bit 
1 
0 
8 


9 Bit 
1 
1 
9 


The address 
bit is dependent 
on both the wake-bit 
and 
the 
M-bit 
level. 
Additionally, 
the 
receiver 
does 
not 
use 
the wake-up 
feature 
unless 
the RWU control 
bit in SCCR2 
is set. 


Wake 
M 
Receiver Wake-Up 


0 
X 
Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


1 
0 
Detection 
of a received one in the eighth 
data bit allows an RDRFflag and associated 
error flags. 


1 
1 
Detection 
of a received 
one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 


Serial 
Communications 
Control 
Register 
2 (SCCR2) $OF 


The SCCR2 provides 
control 
of individual 
SCI functions 
such 
as interrupts, 
transmit/receive 
enabling, 
receiver 
wake-up, 
and break 
code. 


TIE - 
Transmit 
Interrupt 
Enable 
1 = SCI interrupt 
enabled, 
provided 
TDRE is set 
0= TDRE interrupt 
disabled 
TCIE - 
Transmit 
Complete 
Interrupt 
Enable 
1 = SCI interrupt 
enabled, 
provided 
TC is set 
0= TC interrupt 
disabled 
RIE - 
Receive 
Interrupt 
Enable 
1 = SCI interrupt 
enabled, 
provided 
OR or RDRF is set 
0= RDRF and OR interrupts 
disabled 
ILiE - 
Idle Line Interrupt 
Enable 
1 = SCI interrupt 
enabled, 
provided 
IDLE is set 
0= Idle interrupt 
disabled 
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TRANSMIT 
DATA 
REGISTER 


TRANSMIT 
DATA 
D 
~R 
PIN 
REGISTER 


NOTE: 
The 
Serial 
Communications 
Data 
Register 
(SCI SCDATI is controlled 
by the in- 


ternal RIW signal. It is the transmit data reg- 
ister when written and receive data register 
when read. 


CLOCK EXTRACTION 
PHASE AND 
POLARITY 
CONTROL 


$OF 
SCCR2 


TIE 
TCIE 
RIE 
IliE 


TE 


RE 


SBK 


RWU 


RECEIVE 
DATA 
REGISTER 


RECEIVE 
DATA 
SHIR 
REGISTER 


IDLE OR 


PRECEOING 
TRANSMISSION 


CLOCK 


ICPOL = 0 CPHA = 01 


CLOCK 


(CPOL=O 
CPHA= 
11 


CLOCK 


(CPOL= 
1 CPHA~OI 


CLOCK 


ICPOL = 1 CPHA = 1) 


STOP 
IOLE OR 
~I--- 
I 
: 
NEXT TRANSMISSION 
I 


1 


MSB STOP 


*LBCL Bit Controls Last Data Clock 


IDLE OR 


PRECEOING 
TRANSMISSION 


CLOCK 


ICPOL = 0 CPHA = O} 


CLOCK 


(CPOL = 0 CPHA = 1) 


CLOCK 


ICPOL= 
1 CPHA=O} 


CLOCK 


(CPOL = 1 CPHA = 1) 


START 
~t-I 
I 
I 
: 
I 


STOP 
IDLE OR 
~I~- 
I 
I 
I NEXT TRANSMISSION 
I 


8 


MSB STOP 


o 


START LSB 


TE - 
Transmit 
Enable 
1= Transmit 
shift 
register 
output 
is applied 
to the TOO 
line. 
and the corresponding 
clocks 
are applied 
to 
the SCLK pin. 
Depending 
upon 
the SCCR1 M bit. 


a preamble 
of 1a (M = a) or 11 (M = 1) consecutive 
ones 
is transmitted. 


a = Transmitter 
disabled 
after 
last 
byte 
is loaded 
in 
the 
SCDAT 
and 
TORE 
is set. 
After 
last 
byte 
is 
transmitted. 
TDa line becomes 
a high-impedance 
line. 


RE - 
Receive 
Enable 
1 = Receiver 
shift 
register 
input 
is applied 
to the RDI 
line. 


a = Receiver 
disabled 
and 
RDRF. IDLE. OR. NF. and 
FE status 
bits are inhibited. 


RWU - 
Receiver 
Wake-Up 
1 = Places receiver 
in sleep 
mode 
and enables 
wake- 
up function 
a = Wake-up 
function 
disabled 
after 
receiving 
data 
word 
with 
MSB set (if WAKE = 1) 


• 
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Wake-up 
function 
also disabled 
after receiving 
10 
(M = 0) or 11 (M = 1) consecutive 
ones (if WAKE = 0) 
SBK - 
Send Break 
1 = Transmitter 
continually 
sends blocks of zeros (sets 
of 
10 or 
11) until 
cleared. 
Upon 
completion 
of 
break code, transmitter 
sends one high bit for rec- 
ognition 
of valid 
start bit. 


O=Transmitter 
sends 
10 (M=O) 
or 11 (M=1) 
zeros 
then reverts to an idle state or continues 
sending 
data. If transmitter 
is empty 
and idle, setting 
and 
clearing 
the SBK bit may queue 
up to two 
char- 
acter times of break because the first break trans- 
fers 
immediately 
to the 
shift 
register, 
and 
the 
second is queued 
into the parallel transmit 
buffer. 


Serial Communications 
Status 
Register 
ISCSR) $10 


The 
SCSR provides 
inputs 
to the 
SCI interrupt 
logic 
circuits. 
Noise flag 
and framing 
error 
bits are also con- 
ta ined in the SCSR. 


TDRE - 
Transmit 
Data Register 
(TDR) Empty 
1 = TDR contents 
transferred 
to the transmit 
data shift 
register 
0= TDR still contains 
data. TDRE is cleared by reading 
the SCSR, followed 
by a write 
to the TDR. 
TC - 
Transmit 
Complete 
1= Indicates 
end of data frame, 
preamble, 
or break 
condition 
has occurred 
if: 
1. TE = 1, TDRE = 1, and no pending 
data, pream- 
ble or break is to be transmitted; 
or 
2. TE = 0 and the data preamble 
or break (in the 
transmit 
shift 
registerl 
has been transmitted. 


0= TC bit cleared 
by reading 
the SCSR, followed 
by 
a write 
to the TDR 
The TC bit is a status 
register 
that indicates 
one of 
the above 
conditions 
has occurred. 
It does not in- 
hibit the transmitter 
in any way. 


RDRF - 
Receive Data Register 
(RDR) Full 
1= Receive data shift register 
contentslransferred 
to 
the RDR 
0= Receive data shift 
register 
transfer 
did not occur. 


RDRF is cleared 
by reading 
the SCSR, followed 
by a read of the RDR 
IDLE - 
Idle Line Detect 
1 = Indicates 
receiver 
has detected 
an idle line 
0= IDLE is cleared 
by reading 
the SCSR, followed 
by 
a read 
of the 
RDR. Once 
IDLE is cleared, 
IDLE 
cannot 
be set until 
RDI line becomes 
active 
and 
idle again. 


OR - 
Overrun 
Error 
1 = Indicates 
receive data shift 
register 
data is ready 
to be sent to a full RDR (RDRF = 1). Data causing 
the overrun 
is lost, and RDR data is not disturbed. 
0= OR is cleared 
by reading 
the SCSR, followed 
by 
a read of the RDR. 


NF - 
Noise Flag 
1 = Indicates 
noise is present 
on the receive 
bits, in- 
cluding 
the start and stop bits. NF is not set until 
RDRF=1. 


0= NF is cleared 
by reading 
the SCSR, followed 
by 
a read of the RDR. 


FE - 
Framing 
Error 
1 = Indicates 
stop 
bit 
not detected 
in received 
data 
character. 
FE is set the same time 
RDRF is set. If 
received 
byte causes 
both 
framing 
and overrun 
errors, 
processor 
will 
only 
recognize 
the overrun 
error. 
Further 
data transfer 
into the RDR is inhib- 
ited until 
FE is cleared. 


0= FE is cleared 
by reading 
the SCSR, followed 
by a 
read of the RDR. 


Bit 0 - 
Not used 
Can read either 
one or zero 


Baud Rate Register 
$00 


The baud rate register 
selects the SCI transmitter 
and 
receiver 
baud rate. The SCP1 and SCPO prescaler 
bits are 
used in conjunction 
with the SCR2-SCRO bits to generate 
the 
receiver 
baud 
rate 
and 
in conjunction 
with 
the 
SCT2-SCTO 
baud 
rate 
bits to generate 
the 
transmitter 
baud rate. 
Tables 6 and 7 tabulate 
the divide 
chain used to obtain 
the baud rate clock (transmit 
or receive clock). The actual 
divider 
chain is controlled 
by the combined 
SCP1-SCPO 
and SCR2-SCRO or SCT2-SCTO bits in the baud rate reg- 
ister. The divided 
frequencies 
shown 
in Table 6 represent 
the final 
baud 
rate that 
results 
from 
prescaler 
division 
only (SCR or SCT bits all zero). Table 7 lists the prescaler 
output 
frequency 
divided 
by the action of the SCR or SCT 
bits. 
For example, 
assume that 9600-Hz baud rate is desired 
from 
a 2.4576-MHz 
system 
clock 
crystal. 
The prescaler 
bits could 
be set for either 
a divide-by-one 
or divide-by- 
four. 
If a divide-by-four 
prescaler 
is used, then 
the SCR 
and SCT bits must 
be set for divide-by-two. 
The same 
result, using the same crystal frequency, 
can be obtained 
with 
a prescaler 
divide-by-one 
and SCR and SCT bit di- 
vide-by-eight. 


SCP1-SCPO - 
SCI Prescaler 
Bits 1 and 0 
These 
two 
prescaler 
bits 
are used 
to increase 
the 
range of standard 
baud rates controlled 
by the SCT2- 


SCTO and 
SCR2-SCRO 
bits. 
Prescaler 
internal 
pro- 
cessor 
clock division 
versus 
bit levels 
are shown 
in 
Table 6. 


SCT2-SCTO - 
SCI Transmit 
Baud Rate Selection 
Bits 
These 
three 
bits, 
taken 
in 
conjunction 
with 
bits 
SCP1-SCPO, are used to select the SCltransmit 
baud 
rate. Baud rates versus 
bit levels are listed 
in Table 
7. 
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SCP Bit 
Clock" 
Crystal Frequency MHz 


1 
0 
Divided By 
4.194304 
4.0 
2.4576 
2.0 
1.8432 


0 
0 
1 
131.072 kHz 
125.000 kHz 
76.80 
kHz 
62.50 
kHz 
57.60 kHz 
0 
1 
3 
43.691 kHz 
41.666 kHz 
25.60 
kHz 
20.833 kHz 
19.20 kHz 
1 
0 
4 
32.768 kHz 
31.250 kHz 
19.20 
kHz 
15.625 kHz 
14.40 kHz 
1 
1 
13 
10.082 kHz 
9600 Hz 
5.907 kHz 
4800 Hz 
4430 Hz 


NOTE: The divided 
frequencies 
shown in Table 6 represent baud rates which 
are the highest transmit 
baud rate (Tx) that can be 


obtained 
by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division 
using the SCI rate select bits as shown below for some representative 
prescaler outputs. 


SCRIT Bits 
Divided 
Representative 
Highest Prescaler Baud Rate Output 


2 
1 
0 
By 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 


0 
0 
0 
1 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 
0 
0 
1 
2 
65.536 kHz 
16.384 kHz 
38.40 kHz 
9600 Hz 
4800 Hz 


0 
1 
0 
4 
32.768 kHz 
8.192 kHz 
19.20 kHz 
4800 Hz 
2400 Hz 


0 
1 
1 
8 
16.384 kHz 
4.096 kHz 
9600 Hz 
2400 Hz 
1200 Hz 


1 
0 
0 
16 
8.192 kHz 
2.048 kHz 
4800 Hz 
1200 Hz 
600 Hz 


1 
0 
1 
32 
4.096 kHz 
1,024 kHz 
2400 Hz 
600 Hz 
300 Hz 
1 
1 
0 
64 
2.048 kHz 
512 Hz 
1200 Hz 
300 Hz 
150 Hz 


1 
1 
1 
128 
1.024 kHz 
256 Hz 
600 Hz 
150 Hz 
75 Hz 


NOTE: Table 7 illustrates 
how the SCI select bits can be used to provide lower transmitter 
or receiver baud rates by further dividing 
the prescaler output frequency. 
The five examples 
are only representative 
samples. In all cases, the baud rates shown are 


transmit 
baud rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 


SCR2-SCRO - 
SCI Receive 
Baud 
Rate Selection 
Bits 
These 
three 
bits, 
taken 
in 
conjunction 
with 
bits 
SCP1-SCPO, 
are used to select 
the SCI receive 
baud 
rate. 
Baud 
rates 
versus 
bit levels 
are listed 
in Table 
7. 


Load Program 
in RAM and Execute 


This function 
is entered 
if the following 
conditions 
are 
met when 
reset 
is released: 


IRQ is at VOO + 4 V for at least two 
machine 
cycles 
after 
reset 
TCAP1 
is at VOO for at least two 
machine 
cycles 
after 
reset 
P03 is at VOO for at least 30 machine 
cycles 
after 
reset 
P04 is at VSS for at least 30 machine 
cycles 
aiter 
reset 
User programs 
are loaded 
into RAM using 
the SCI port 
and 
then 
executed. 
Data 
is loaded 
sequentially, 
starting 
at RAM location 
$50, until the last byte is loaded. 
Program 
control 
is then 
transferred 
to the 
RAM 
progam 
starting 
at location 
$51. The first 
byte 
loaded 
is the count 
of the 
number 
of bytes 
in the program 
plus the count 
byte. The 
program 
starts 
at the 
second 
byte 
in the 
RAM. 
During 
firmware 
initialization, 
the SCI is configured 
for the NRZ 
format 
(idle 
line, 
eight 
data 
bits, and stop 
bit). The baud 
rate is 9600 with 
a 4-MHz 
crystal. 
Figure 
15 shows 
a sche- 
matic 
for the load program 
in RAM and execute 
function. 
Immediate 
execution 
can 
be avoided 
by 
setting 
the 


byte 
count 
to 
a value 
greater 
than 
the 
length 
of 
data 
loaded, 
which 
causes 
the firmware 
to wait 
for additional 
data 
after 
loading 
is complete. 
Resetting 
the 
MCU 
then 
allows 
entering 
any routine 
without 
disturbing 
the RAM 
data that 
was 
loaded. 
' 


Jump to Any Address 


This function 
is entered 
if the following 
conditions 
are 
met when 
reset 
is released: 


IRQ is at VOO + 4 V for at least two 
machine 
cycles 
after 
reset 
TCAP1 
is at VOO for at least two 
machine 
cycles 
after 
reset 
P03 is at VDO for at least 30 machine 
cycles 
after 
reset 
P04 is at VDO for at least 30 machine 
cycles 
after 
reset 
To execute 
the jump 
to any 
address 
function', 
port 
A 
data 
input 
should 
be $CC, and 
port 
Band 
C should 
be 
the 
MSB 
and 
LSB, respectively, 
of the 
address 
desired 
for the jump. 
Figure 
16 shows 
a schematic 
for the jump 
function. 


The 
pulse-length 
O/A converter 
(PLM) 
works 
in con- 
junction 
with 
the timer 
to execute 
two 
B-bit conversions 


• 
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GNO 


·5V 


10nf I 


·9V 


10K 
10 


ft 


VOO 


OSC1 
16 


17 
10M 


18 
RESET 
OSC2 


'" 
0.01 
~f 
0 
- 
22pf I 
I 


22Pf 
NC 


15 
NC 
- 
19 
~ 
iRQ 


OJ 
2· 
10K 
~ 


RS232 
LEVEL TRANSLATOR 
50 
9 


SUGGESTED: 
NC 
P04 
52 
11 
~ 


MC145486 
OR MAX232 
NC 
P03 
• 


10K 
- 


TCAPI 
22 


24 
PA7 
VRH 
25 
PA6 


26 
PAS 
VRl 
27 
PM 


28 
PA3 
Vppl 
40 


29 
PA2 
30 
PAl 
PLMA 
20 


31 
::> 


PAO 
u 
z 
z 
::< 
21 
0 
0 
<0 
PlMS 
;:: 


;:: 
'" 
;3 
;3 
:g 


SCLK 
51 
~ 
~ 


u 


32 
PS7 


:z: 
« 
« 
33 
III 
52 
PS6 
u 
TOO 
i= 
::< 
i= 
34 
PS5 
DO 


DO 
35 
PS4 
50 
~ 
~ 
36 
ROI 
~ 
~ 


PS3 


37 
PS2 
TCMP 
2 
3 
3 
38 
~ 
~ 


PSI 


39 
PSO 
TCAP 
2 
23 
'" 
'" 
« 
« 
•... 


•... 
'-' 
'-' 
TCMP 
1 
Z 
w 
Z 
Zz 
42 
8 
8 
43 


PC7 


PC6 
44 
PC5 
3 


45 
P07 


PC4 
P06 
4 


46 
PC3 
P05 
5 


47 
PC2 
12 
P02 
48 
PCI 
POI 


13 


49 
PCO 
POO 
14 


VSS 


41 


NOTE: Pin numbers are valid for the 52-pin PLCC packge only. 


Figure 15. Load Program 
in RAM and Execute 
Diagram 
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GNo 


15 V 


10 nf 


19 V 


10K 
10 
I 
- 
ft 


Voo 


oSCI 
16 


17 
10M 


18 
RESET 
OSC2 
~ 
0.01 ~f 
0 


- 
22pf I 
I 


22Pf 


NC 
19 


15 
iRQ 


NC 
9 
3 x 10K 


P04 


P03 
11 


TCAP 
1 
22 
• 


8 x 10K 
24 


25 


PA7 
VRH 
PA6 
26 
PA5 
VRL 
27 
PA4 
28 
Vppi 
40- 


PA3 
29 
PA2 
30 
PAl 
:::::> 
PLMA 
20 


31 
u 
z 
PAO 
:;: 
21 
0 
<D 
PLMB 
-= 
'" 
5 
:gu 
SCLK 
51 
~ 
8 x 10K 
:l:: 
32 
PB7 
18 
'" 
33 
u 
52 
PB6 
:;: 
TOO 
i= 
34 
PB5 
'" 
35 
50 
e 
'" 
PB4 
Rol 
0 
~ 
36 
PB3 
w 
'" 
'" 
37 
PB2 
TCMP 
2 
5 
'" 
38 
~ 
'" 
PBI 
0 
39 
PBO 
'" 
0 
TCMP 
1 
'" 
'" 
... 


~ 
u 
23 
w 
TCAP 
2 
z 
5 
z 
~ 
8x 
10K 
42 
S 
... 
43 
PC7 
u 
PC6 
44 
PC5 
P07 
3 
'" 
45 
4 
~ 


PC4 
P06 
46 
PC3 
P05 
5 


47 
PC2 
POI 
13 


48 
PCI 
PoO 
14 


49 
PCO 
PD2 
12 


VSS 
- 
41 


NOTE: 
Pin 
numbers 
are 
valid 
for 
52-pin 
PLCC 
package 
only. 


Figure 16. Jump 
to Any Address 
Diagram 
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pUlse-length 
modulated 
signals 
whose 
duty-cycle 
ratio 
may be modified. 
These signals 
can be used directly 
as 
PLM, or the filtered 
average 
values 
can be used as gen- 
eral-purpose 
analog 
outputs. 
Registers 
PLMA 
and 
PLMB 
contain 
the 
pulse-length 
values for the two 
PLMs. A value of $00 results 
in a con- 


tinuously 
low output 
from the D/A. A value of $80 results 
in a 50-percent 
duty-cycle 
output, 
and a value of $FF gives 
an output 
that is a logic 1 for 255/256 of the cycle. When 
the MCU writes 
to the PLMA or PLMB register, 
the D/A 
picks up the new value at the end of a complete 
conver- 
sion cycle. A monotonic 
change 
in the dc component 
of 
the output 
results, 
without 
overshoots 
or vicious 
starts 
(a vicious 
start is an output 
that gives totally 
erroneous 
output 
during 
the first 
cycle following 
an update 
of the 
registers). 
WAIT mode 
does not affect the output 
wave- 
form 
of the D/A converters. 


Since the PLM system 
uses the timer 
counter, 
PLM 
results 
will 
be affected 
while 
resetting 
the 
timer 
counter. 


PLMB 
(DB) 


7 
6 


Miscellaneous 
(DC) 


7 
6 
5 


SFA - 
Slow/Fast 
Control 
for PLMA Clock 


1 = Slow speed of PLMA used (4096 times 
the timer 
clock period) 
0= Fast speed 
of PLMA 
used 
(256 times 
the timer 
clock period) 
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SFB - 
Slow/Fast 
Control 
for PLMB Clock 
1 = Slow 
speed of PLMB used (4096 times 
the timer 
clock period) 
0= Fast speed 
of PLMB 
used 
(256 times 
the 
timer 
clock period) 


NOTE 


The highest 
speed of the PLM system 
corresponds 
to the frequency 
of the TOF bit being set, multiplied 
by 256. The slowest 
speed of the PLM system 
cor- 


responds 
to the frequency 
of the TOF bit being set, 


multipled 
by 16. 


The SFA and SFB bits are not double 
buffered; 
there- 
fore, these 
bits must 
be selected 
before writing 
to either 
PLM register 
to avoid 
temporary 
wrong 
values from 
the 
PLM outputs. 
Figure 18 shows some examples 
of the PLM 
output 
waveforms. 


The AID converter 
system 
consists 
of an 8-bit succes- 


sive 
approximation 
converter 
and 
a 16-channel 
multi- 
plexer. 
Eight of the channels 
are available 
for output, 
and 
the 
other 
eight 
channels 
are dedicated 
to internal 
test 
functions. 
There is one 8-bit result data register 
(address 
$08) and one 8-bit 
status/control 
register 
(address 
$09). 


In the 48-pin 
dual-in-line 
package, 
the fixed 
input 
port 
(DI of the MC68HC05B6 
is reduced 
to six pins 
(PD5-PDO, AN5-ANO). 
This change 
has no effect on 
either 
programming 
or operation 
of port 
D or the 
AID converter. 


The 
reference 
supply 
for the 
converter 
uses dedicated 
input 
pins 
instead 
of the 
power 
supply 
lines, 
because 
drops caused by loading 
in the power 
supply 
lines would 
degrade 
the accuracy 
of the AID conversion. 
An internal 
RC oscillator 
is available 
if the bus speed is low enough 


to degrade 
the AID accuracy. 
An ADON bit allows 
the AI 


D to be switched 
off to reduce power consumption, 
which 
is particularly 
useful 
in the WAIT mode. 


For ratiometric 
conversions, 
the source of each analog 
input 
should 
use VRH as the supply 
voltage 
and be ref- 


erenced 
to VRL. An input 
voltage 
greater 
than 
or equal 
to VRH converts 
as $FF (full scale) with 
no overflow 
in- 


dication. 
An input 
voltage 
equal to VRL converts 
as $00. 


The conversion 
is monotonic 
with 
no missing 
codes. 


AID STATUS/CONTROL 
REGISTER ($09) 


7 
6 
5 
3 
2 


COCO - 
Conversion 
Complete 
1 = Conversion 
is complete; 
a new result can be read 
from 
the result 
data register 
($081. 


0= No conversion 
since last reset 
ADRC - 
AID RC Oscillator 
Control 
1 = AID uses RC clock 
0= AID uses CPU clock 
When the RC oscillator 
is turned 
on, it requires 
a 
time tadrc to stabilize, 
and results 
can be inaccur- 
ate during 
this time. 


ADON - 
AID On 
1= AID enabled 
0= AID disabled 
When the AID is turned on, it requires a time tADON 
for the current 
sources to stabilize, 
and results can 
be inaccurate 
during 
this time. 


CH3-CHO - 
Channel 
3 through 
Channel 
0 
These 
bits select 
the A D channel 
assignment 
(see 


Table 8). 


NOTE 


Using 
one or more 
pins of PD7 AN7-PDO ANO as 


analog 
inputs 
does not affect the ability 
to use port 
D inputs 
as digital 
inputs. 
However, 
using 
port 
D 


~_ .•_---------- ~~~ ------------_ ..~~ 


I 
I 


I 
255 T 
I 
~~ .• 
•._r-L- 


I 
I 
I 
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I 
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~!••-----i28T-- 
•''I 
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for digital 
inputs 
during 
an analog 
conversion 
se- 
quence 
may inject 
noise on the analog 
inputs 
and 
reduce the accuracy 
of the AID result. 


Performing 
a digital 
read of port 
D with 
levels 


other than VDD or VSS on the inputs causes greater 
than normal 
power dissipation 
during 
the read and 
may give erroneous 
results. 


CH3 
CH2 
CH1 
CHO 
Channel Selected 


a 
a 
a 
a 
ANa, Port D Bit a 
a 
a 
a 
1 
AN1, Port D Bit 1 
a 
a 
1 
a 
AN2, Port D Bit 2 
a 
a 
1 
1 
AN3, Port D Bit 3 


a 
1 
a 
a 
AN4, Port D Bit 4 
a 
1 
a 
1 
AN5, Port D Bit 5 
a 
1 
1 
a 
AN6, Port D Bit 6 
a 
1 
1 
1 
AN7, Port D Bit 7 


1 
a 
a 
a 
VRH Pin (High) 


1 
a 
a 
1 
((VRH)+ (VRL))/2 


1 
a 
1 
0 
VRL Pin (Low) 


1 
a 
1 
1 
VRL Pin (Low) 


1 
1 
0 
0 
VRL Pin (Low) 
1 
1 
0 
1 
VRL Pin (Low) 
1 
1 
1 
0 
VRL Pin (Low) 


1 
1 
1 
1 
VRL Pin (Low) 


The MCU instructions 
can be divided 
into five different 


types: 
register/memory, 
read-modify-write, 
branch, 
bit 
manipulation, 
and 
control. 
The 
following 
paragraphs 


briefly 
explain 
each type. 


This 
MCU 
uses 
all the 
instructions 
available 
in the 


M146805 
CMOS 
Family 
plus 
one 
more: 
the 
unsigned 
multiply 
(MUL) 
instruction. 
This 
instruction 
allows 
un- 
signed 
multiplication 
of the contents 
of the accumulator 


(A) and the index 
register 
(X). The high-order 
product 
is 


then stored 
in the index register, 
and the low-order 
prod- 
uct is stored 
in the accumulator. 
A detailed 
definition 
of 
the MUL instruction 
is shown 
below. 


Operation 
X:A.X,A 


Description 
Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator 
and index register 


Condition 
H: Cleared 


Codes 
I: Not affected 
N: Not affected 
z: Not affected 
C: Cleared 


Source 
MUL 
Form(s) 


Addressing 
Cycles 
Bytes 
Opcode 
Mode 


Inherent 
11 
1 
$42 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 
erand is either the accumulator 
or the index register. 
The 


other operand 
is obtained 
from memory 
using one of the 


addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) instructions 
have no register 
operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 


tion is met; otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer to the fol- 


lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
BHS 


Branch if Carry Set 
BCS 


Branch if Lower 
BLO 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt Mask Bit is Clear 
BMC 


Branch if Interrupt Mask Bit is Set 
BMS 


Branch if Interrupt Line is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 
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READ-MODIfY-WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 


ister, 
modify 
or test 
its contents, 
and write 
the 
modified 


value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 


negative 
or zero 
(TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (Twos Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


Multiply 
MUL 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 


and are used to control 
processor 
operation 
during 
pro- 


gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
Cli 


Software 
Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


Stop 
STOP 


Wait 
WAIT 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU 
is capable 
of setting 
or clearing 
any writable 
bit which 
resides 
in the 
first 
256 bytes 
of the 
memory 
space 
where 
all 
port 
registers, 
port 
DDRs, timer, 
timer 


control, 
ROM, 
and 
on-chip 
RAM 
reside_ 
An 
additional 
feature 
allows 
the software 
to test and branch 
on the state 


of any bit within 
these 256 locations. 
The bit set, bit clear 
and 
bit test, 
and 
branch 
functions 
are all 
implemented 
with 
a single 
instruction. 
For test and branch 
instructions, 


the value 
of the 
bit tested 
is also 
placed 
in the carry 
bit 
of the condition 
code 
register. 
Refer to the following 
list 
for bit manipulation 
instructions_ 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n~O. 
.. 7) 


Branch if Bit n is Clear 
BRCLR n In ~ 0 . .. 7) 


Set Bit n 
BSET n (n ~O. 
.7) 


Clear Bit n 
BCLR n (n ~O. .. 7) 


OPCODE 
MAP SUMMARY 


Table 
9 is an opcode 
map for the instructions 
used on 
the 
MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 


vide the programmer 
with 
an opportunity 
to optimize 
the 


code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data tables, 
code 
con- 
version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 


ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions; 
the longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and long ab- 
solute 
addressing 
is also 
included. 
One- or two-byte 
di- 
rect addressing 
instructions 
access all data bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach 
all memory. 


The term 
"effective 
address" 
(EAI is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 


tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows 
the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 


two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the two 
bytes 
following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode 
are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 
When 
using 
the Motorola 
assembler, 
the user need not specify 
whether 
an instruction 
uses 
direct 
or extended 
addressing. 
The 
assembler 
automatically 
selects 
the shortest 
form 
of the 
instruction. 
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Bit Man j 
ulation 
Branch 
Read-Modifv-Write 
Control 
Re ister/Memor 
••• 


BTB 
BSC 
REL 
DIR 
INH 
INH 
IXI 
IX 
INH 
INH 
IMM 
DIR 
EXT 
'X2 
IX' 
IX 


~I 
0 
, 
2 
3 
4 
• 
6 
7 
B 
• 
A 
B 
C 
0 
E 
F 
~ 
.... 
..., 
'''' 
"" 
"" 


0101 
0110 
0111 
,•.. 
'''' 
1010 
1011 
"" 
1101 
1110 
1111 


0 
, 
, 
3 
, 
J 
J 
6 
, 
, 
, 
3 
· 
, 
· 


3 
0 


"" 


BASHO 
BSHO 
BAA 
NEG 
NEGA 
NEGX 
NEG 
NEG 
RTI 
SUB 
SUB 
SUB 
SUB 
SUB 
SUB 
.... 


3 
8TB2 
8Se 
2 
REll 
OIR , 
I/IIH 1 
INH 2 
IX' 
, 
" , 
"" 
, 
lMM 
1 
OIR ) 
EX1) 
IX22 
IX1' 
" 
, 
, 
, 
3 
6 
, 
3 
· 
, 
· 


3 
1 
•.., 
BRCLRO 
BCLAO 
BRN 
RTs 
eMP 
eMP 
eMP 
eMP 
eMP 
eMP 
•.., 


3 
8T82 
ase 
2 
'" 


, 
"" 
, 
IMM 
2 
OIR) 
EXT3 
IX22 
till 
1 
" 


2 
, 
, 
3 
" 
, 
3 
· 
, 
· 


3 
2 


"" 


BASET1 
BSETl 
BHI 
MUL 
sBe 
SBe 
sBe 
sBe 
sBe 
sBe 
"" 
3 
BT82 
8SC1 
'" 


, 
"" 
, 
IMM 
2 
DIR ~ 
EXT J 
IX11 
IX' 
I 
" 


3 
, 
, 
3 
, 
3 
) 
6 
, 
" 
, 
3 
· 
, 
· 


3 
3 


"" 


BAClAl 
BCLA, 
BLs 
COM 
COMA 
COM X 
COM 
COM 
sWI 
epx 
epx 
epx 
epx 
epx 
epx 
"" 
3 
BTB1 
8Se1 
IIEl1 
Dill 
, 
I/IIH' 
INH 2 
IXI 
I 
" 


, 
"" 
, 
IMM 
1 
DIR) 
EXT) 
IX11 
IXI 
I 
" 
4 
, 
, 
3 
, 
3 
3 
6 
, 
, 
3 
· 
, 
· 


3 
4 


"" 


BA~H2 
BSET2 
Bee 
LSA 
LSAA 
LSAX 
LsA 
LsA 
AND 
AND 
AND 
AND 
AND 
AND 
0100 


3 
BT82 
Bse2 
REl2 
DIR 1 
I/IIH' 
I/IIH2 
IXI 
\ 
" 
, 
IMM 
2 
DIR) 
EXl) 
IX22 
IXI 
\ 
" 
• 
, 
, 
3 
, 
3 
· 
, 
· 


3 
S 


0101 
BACLA2 
BCLA2 
Bes 
BIT 
BIT 
BIT 
BIT 
BIT 
BIT 
OlD' 


3 
8TB2 
ese 
2 
'" 
, 
IMM 
1 
DIR) 
EXT) 
IX22 
IX' 
\ 
" 
6 
, 
, 
J 
, 
3 
J 
6 
, 
, 
3 
· 
, 
· 


3 
6 


0110 
BASETJ 
BSH3 
BNE 
ADA 
RQAA 
AOAX 
ADA 
ADA 
LOA 
LOA 
LOA 
LOA 
LOA 
LOA 
OliO 
3 
8T81 
8se1 
REl2 
DIR , 
I/IIH 1 
III;H 2 
IX' 
, 
" 
, 
IMM 
2 
DIR) 
EllT) 
11122 
IXII 
" 
7 
, 
, 
3 
, 
3 
3 
6 
, 
, 
. 
, 
6 
, 
. 
7 


0111 
BRCLA3 
BCLA3 
BED 
AsA 
ASAA 
ASAX 
AsA 
AsA 
TAX 
sTA 
sTA 
sTA 
sTA 
STA 
0111 


3 
BT82 
8sel 
REl2 
OIR 1 
I/loH 1 
I/IIH 2 
lXI' 
" 
, 
"" 


1 
DIR) 
EllT) 
IX22 
IXl 
, 
" 
8 
, 
, 
3 
, 
3 
3 
6 
" 
, 
1 
) 
· 
, 
· 


3 
B 
,•.. 
BRSET4 
BSET4 
BHCC 
LsL 
LSLA 
LSLX 
LsL 
LsL 
eLe 
EOA 
EOA 
EOA 
EOA 
EOA 
EOA 
,•.. 


3 
8T82 
Bse2 
REll 
DIA , 
IIIoH' 
I/IIH 1 
IX1' 
" 
, 
INH 2 
IMM 
1 
DIA ) 
EX1) 
IX22 
Illli 
" 


9 
, 
, 
) 
, 
3 
J 
, 
, 
, 
1 
3 
· 
, 
· 


3 
9 


'''' 


BACLR4 
BCLA4 
BHCS 
AOL 
AOLA 
AOlX 
AOL 
AOL 
SEe 
ADe 
ADe 
ADe 
ADe 
ADe 
ADe 
'''' 
3 
8T82 
ese2 
REl2 
DIA 1 
IIIoH' 
I/IIH 2 
IXII 
" 
, 
1/111'11 
IMM 
2 
OIA ) 
EX13 
IXll 
lXI' 
" 


A 
, 
, 
3 
, 
) 
J 
6 
, 
, 
1 
3 
· 
, 
· 


3 
A 


1010 
BAsETS 
BsETS 
BPL 
DEe 
DECA 
DECX 
DEe 
DEe 
ClI 
OAA 
OAA 
OAA 
OAA 
OAA 
OAA 
1010 
3 
8'r81 
8se 
2 
RH 
2 
OIA 1 
1/111'1 
, 
INH 2 
IX' 
I 
" 
, 
INH 2 
lMM 
2 
DIR ) 
EX1) 
IX11 
IX' 
, 
" 


B 
, 
, 
3 
1 
1 
3 
· 
, 
· 


3 
B 


lOll 
BRCLA5 
BCLA5 
BMI 
sEi 
ADD 
ADD 
ADD 
ADD 
ADD 
ADO 
1011 


3 
8T81 
8se2 
'" 
, 
INH 1 
IMM 
2 
DIR) 
EXl 
) 
IX22 
Illl1 
" 


e 
, 
, 
3 
, 
3 
J 
6 
, 
1 
1 
3 
. 
3 
1 
e 


"" 


BASET6 
BSET6 
BMe 
INe 
INCA 
INCX 
INe 
INe 
ASP 
JMP 
JMP 
JMP 
JMP 
JMP 
"" 
3 
BT82 
85(:1 
REl2 
OIR 1 
IIloH \ 
I/IIHl 
IXI 
I 
" 


, 
'N" 
1 
DIR ) 
EXT) 
lX22 
IXI 
, 
" 
0 
, 
, 
) 
. 
3 
3 
, 
. 
1 
6 
, 
6 
, 
6 
, 
0 


1101 
BAClA6 
BCLA6 
BMs 
TsT 
TSTA 
TSTX 
TsT 
TsT 
NOP 
BsA 
JsA 
JsA 
JsA 
JsA 
JsA 


110' 


3 
BTB2 
8se 
1 
REl2 
OIA 1 
I"'H 
1 
I/IIH2 
IXI 
I 
" 


, 
INH 2 
AH 
2 
DIA ) 
EllT) 
IX11 
IX1' 
" 


E 
, 
) 
1 
1 
) 
· 
, 
· 


3 
E 


I 


1110 
BASET7 
8SfT7 
Bil 
STOP 
LOX 
LOX 
LOX 
LOX 
LOX 
LOX 
1110 


3 
BTB1 
sse 
2 
'" 


, 
"" 
, 
IMM 
2 
DIA) 
EXll 
IX12 
Illl1 
" 


F 
, 
, 
3 
, 
3 
3 
6 
, 
, 
, 
. 
, 
6 
, 
. 
F 
I 
111' 
BACLA7 
BCLA7 
BIH 
eLA 
CLAA 
CLAX 
eLA 
eLA 
WAIT 
TXA 
sTX 
sTX 
sTX 
sTX 
sTX 
1111 


3 
BT82 
8se1 
AEL2 
OIA 1 
1"'1'11 
INH 1 
IXII 
" , 
lNH 
, 
'"" 
, 
OIR) 
EXT) 
'X22 
Illil 
" 


Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 


Relative 
Bit Set Clear 
Bit Test and Branch 
Indexed (No Offset! 
Indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 


Mnemonic 


Bytes 


Cycles 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative addressing, 
the contents 
of the 8- 
bit signed 
byte (the offset) following 
the opcode 
is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 


Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. The programmer 
need not calculate 
the offset 
when 
using 
the Motorola 
assembler, 
since it 
calculates 
the proper 
offset 
and checks to see that 
it is 
within 
the span of the branch. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the 8-bit 
index 
register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 


long. This mode 
is often used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or I/O location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
8-bit 
offset 
addressing 
mode, 
the ef- 
fective 
address is the sum of the contents 
ofthe 
unsigned 
8-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode 
is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with the address 
of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 


tables 
may begin anywhere 
within 
the first 256 address- 


able 
locations 
and could 
extend 
as far as location 
510 
($1 FE is the 
last location 
at which 
the instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective 
address 
is the sum of the contents 
of the unsigned 
8-bit index register 
and the two unsigned 
bytes following 


the opcode. 
This address 
mode can be used in a manner 
similar 
to indexed, 
8-bit offset except that this three-byte 
instruction 
allows 
tables to be anywhere 
in memory. 
As 
with 
direct 
and extended 
addressing, 
the Motorola 
as- 
sembler 
determines 
the 
shortest 
form 
of 
indexed 
ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode, 
and the byte following 
the opcode 
specifies 
the direct addressing 
of the byte in 
which 
the specified 
bit is to be set or cleared. 
Any read/ 


write 
bit in the first 
256 locations 
of memory, 
including 
I/O, can be selectively 
set or cleared 
with 
a single 
two- 


byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit that is to be tested 
and its condition 
(set or clear). is 
included 
in the opcode. 
The address 
of the byte to be 
tested 
is in the 
single 
byte 
immediately 
following 
the 
opcode 
byte. The signed 
relative 
8-bit offset 
in the third 
byte is added to the PC if the specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the 
condition 
of any readable 
bit in the first 256 locations 
of 
memory. 
The span of branching 
is from 
-125 
to + 130 
from 
the opcode 
address. 
The state of the tested 
bit is 
also transferred 
to the 
carry 
bit of the condition 
code 
register. 


INHERENT 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index 
register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 


structions 
are one byte long. 
• 
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Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VOO 
- 0.5 to + 7.0 
V 


Input Voltage 
Vin 
VSS -05 
to 
V 


VOO +0.5 


Self-Check Mode (IRQ Pin Only) 
Vin 
VSS -0.5 
to 
V 


2 x VOO+0.5 


Current Orain Per Pin Excluding 
I 
25 
mA 


VOO and VSS 


Operating Temperature 
Range 
TA 
TL to TH 
'c 


MC68HC05B6P, FN (Standard) 
o to + 70 


MC68HC05B6CP, CFN (Extended) 
-40 
to +85 


MC68HC05B6MP, MFN (Automotive) 
-40to 
+125 


Storage Temperature 
Range 
Tsta 
-65 
to + 150 
-C 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
HJA 
'CW 
Plastic 
40 


Plastic Leaded Chip Carrier (PLCC) 
50 


Pins 
R1 
R2 
C 


PA7-PAD, 
3.26 kl! 
2.38 kl! 
50 pF 
PB7-PBO, 
PC7-PCO, 
TCMP1 
TCMP2 


TOO, SCLK, 
1.9 kl! 
2.26 kl! 
200 pF 
PLMA, PLMB 


Pins 
R1 
R2 
C 


PA7-PAD, 
10.91 kl! 
6.32 kl! 
50 pF 
PB7-PBO, 
PC7-PCO, 
TCMP1, 
TCMP2 


TOO, SCLK, 
6 kl! 
6 kl! 
200 pF 
PLMA, PLMB 


This 
device 
contains 
circuitry 
to protect 
the 
in- 


puts against damage due to high static voltages 


or electric 
fields; 
however, 
it is advised 
that 
nor- 


mal precautions 
be taken to avoid application 
of 
any voltage higher than maximum-rated 
voltages 


to this high-impedance 
circuit. 
For proper oper- 
ation, it is recommended 
that Vin and Vout be 
constrained 
to the range VSS -= (Vin or Vout) " 


VOO' Reliability 
of operation 
is enhanced 
if un- 


used inputs 
are connected 
to an appropriate 
logic 


voltage level (e.g., either VSS or VOO)· 


C 
(SEE 
TABLE) 
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POWER 
CONSIDERATIONS 


The 
average 
chip-junction 
temperature, 
Tj, 
in 'c can 


be obtained 
from: 
Tj=TA+(PO'HjA) 
(1) 


For most 
applications 
PI/O<PINT 
and can be neglected. 


The following 
is an approximate 
relationship 
between 


Po and Tj 
(if PliO is neglected): 


PO=K~(Tj+273'C) 
(2) 
Solving 
equations 
(1) and (2) for 
K gives: 


K = Po • (TA + 273'C) + IIjA'P02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K 
can be determined 
from 
equation 
(3) by measuring 
Po 


(at equilibrium) 
for 
a known 
TA- Using 
this 
value 
of K, 
the values 
of Po and Tj can be obtained 
by solving 
equa- 
tions 
(1) and (21 iteratively 
for any value 
of TA- 


where: 
TA 
IIjA 


= Ambient 
Temperature, 
'c 


= Package 
Thermal 
Resistance, 


junction-to-Ambient, 
'C/W 


= PINT+PI/O 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Power 
Oissipation 
on Input 
and Output 


Pins - 
User 
Oetermined 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, ILoad,,10.0 
~A 
VOL 
- 
- 
0.1 
V 
VOH 
VDD-O.l 
- 
- 


Output High Voltage 
VOH 
V 
(ILoad = 0.8 mAl PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 
VDD -08 
VDD -0.4 
- 


(ILoad = 1.6 mAl TOO, SCLK, PLMA, PLMB 
VDD -0.8 
VDD -0.8 
- 


Output Low Voltage 
VOL 
V 


(ILoad = 1.6 mAl PA7-PAD, PB7-PBO, PC7-PCO, TCMP1, TCMP2, 
- 
0.1 
0.4 


PLMA. PLMB, TOO, SCLK 


RESET 
- 
0.4 
1.0 


Input High Voltage 
VIH 
0.7 x VDD 
- 
VDD 
V 
PA7-PAO, PB7-PBO. PC7-PCO. PD7-PDO. TCAP1. TCAP2, IRQ, 


RESET, OSC1. RDI 


Input Low Voltage 
VIL 
VSS 
- 
0.2 x VDD 
V 
PA7-PAO. PB7-PBO, PC7-PCO. PD7-PDO. TCAP1. TCAP2, IRQ, 


RESET, OSC1, RDI 


Supply Current (see Notes) 
IDD 
RUN (SM=O) 
- 
3.5 
9 
mA 
RUN (SM~l, 
tcyc=8 
~s) 
- 
0.5 
2 
mA 
WAIT (SM=O) 
- 
1 
4 
mA 
WAIT (SM = 1. tcyc ~ 8 ~s) 
- 
0.35 
1 
mA 
STOP 
o to 70 (Standard) 
- 
2 
10 
~A 


- 40 to 85 (Extended) 
- 
- 
20 
~A 


- 40 to 125 (Automotive) 
- 
- 
50 
~A 


10 Ports Hi-Z Leakage Current 
IlL 
- 
0.2 
,-1 
~A 
PA7-PAO, PB7-PBO. PC7-PCO. TDO. RESET, SCLK 


Input Current 
lin 
~A 


IRQ, TCAP1, TCAP2, OSC1, RDI 
- 
,-0.2 
+ 1 
PD7/AN7-PDO/ANO (AID off) 
- 
'" 0.2 
",1 
PD7 AN7-PDO ANO (A,D on) 
- 
",10 
TBD 


Capacitance 
pF 
Ports (as Input or Output!. RESET 
Cout 
- 
- 
12 


TOO, SCLK 
Cout 
- 
- 
12 
IRQ, TCAP1, TCAP2, OSC1. RDI 
Cin 
- 
- 
8 
PD7/AN7-PDO ANO (AID off) 
Cin 
- 
12 
TBD 
PD7 AN7-PDO ANO (A,D on) 
Cin 
- 
22 
TBD 


NOTES: 


1. All values 
shown 
reflect 
average 
measurements. 
2. Typical values at midpoint 
of voltage range, 25'C only. 
3. Wait IDD: Only timer system active (TE= RE= 0). If SCI active (TE = RE= 1) add 10% current draw. 
4. Run (Operating) 
IDD, Wait IDD: Measured using external square wave clock source (fosc = 4.0 MHz). all inputs 0.2 V from rail; 


no de loads, less than 50 pF on all outputs, CL ~ 20 pF on OSC2. 


5. Wait. Stop IDD: All ports configured 
as inputs, VIL = 0.2 V, VIH = VDD - 0.2 V. 
6. Wait IDD is affected linearly by the OSC2 capacitance. 
TBD - 
To be determined. 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-783 


••"~n.''''ft~__ 
Max 
Unit 
l;naractenstlc 
Symbol 
Min 
Typ 


Output Voltage, ILoad"10.0 
flA 
VOL 
- 
- 
0.1 
V 
VOH 
VDD-0.1 
- 
- 


Output High Voltage 
VOH 
V 
(ILoad = 0.2 mAl PA7-PAD, PB7-PBO, PC7-PCO, TCMP1, TCMP2 
VDD-0.3 
VDD-O.l 
- 


(ILoad = 0.4 mAl TOO, SCLK, PLMA, PLMB 
VDD-0.3 
VDD-O.l 
- 


Output Low Voltage 
VOL 
V 
(ILoad = 0.4 mAl PA7-PAD, PB7-PBO, PC7-PCO, TCMP1, TCMP2, 
- 
0.1 
0.3 


PLMA, PLMB, TOO, SCLK 
RESET 
- 
0.2 
0.6 


Input High Voltage 
VIH 
0.7 x VDD 
- 
VDD 
V 


PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 


RESET, OSC1, RDI 


Input Low Voltage 
VIL 
VSS 
- 
0.2 xVDD 
V 
PA7-PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 


RESET, OSC1, RDI 


Supply Current (see Notesl 
IDD 


RUN (SM=O) 
- 
1.2 
5 
mA 
RUN (SM = 1, tcyc=8 
flsl 
- 
0.2 
1 
mA 
WAIT (SM=O) 
- 
0.4 
2 
mA 


WAIT (SM ~ 1, tcyc=8 
flsl 
- 
0.15 
0.5 
mA 
STOP 


o to 70 (Standard) 
- 
1 
10 
flA 


- 40 to 85 (Extended) 
- 
- 
10 
flA 


-40 
to 125 (Automotivel 
- 
- 
30 
flA 


10 Ports Hi·Z Leakage Current 
IlL 
- 
"'0.2 
",10 
flA 


PA7-PAO, PB7-PBO, PC7-PCO, TDO, RESET, SCLK 


Input Current 
lin 
flA 


IRQ, TCAP1, TCAP2, OSC1, RDI 
- 
"'0.2 
",1 


PD7 AN7-PDO ANO (A!D off) 
- 
",0.2 
",1 


PD7 AN7-PDO ANO (A Don) 
- 
",10 
TBD 


Capacitance 
pF 


Ports (as Input or Output I, RESET, TDO 
Cout 
- 
- 
12 


TOO, SCLK 
Cout 
- 
- 
12 
IRQ, TCAP1, TCAP2, OSC1, RDI 
Cin 
- 
- 
8 


PD7 AN7-PDO ANO (A.D offl 
Cin 
- 
12 
TBD 
PDJ,AN7-PDO,ANO (A.Don) 
Cin 
- 
22 
TBD 


NOTES: 


,. 
All values 
shown 
reflect 
average 
measurements. 


2. Typical values at midpoint 
of voltage range, 25"C only. 


3. Wait 'DD: Only timer system active (TE~ RE~ 0). If SCI active (TE= RE~ 1) add 10% current draw. 
4. Run (Operating) 
IDD, Wait IDD: Measured using external square wave clock source (fosc = 4.0 MHz). all inputs 0.2 V from rail; 


no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 


5. Wait, Stop IDD: All ports configured 
as inputs, VIL ~ 0.2 V, VIH = VDD - 0.2 V. 


6. Wait IDD is affected linearly by the OSC2 capacitance. 


TBD - 
To be determined. 
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Characteristic 
Parameter 
Min 
Max 
Unit 


Resolution 
Number of bits resolved by the AID 
8 
- 
Bit 


Non-Linearity 
Maximum 
deviation from the best straight 
line through 
the 
- 
±'h 
LSB 
AID transfer characteristics 
(VRH= VDD and VRL = 0 VI 


Quantization 
Error 
Uncertainty 
due 
to converter 
resolution 
- 
:t:1h 
LSB 


Absolute 
Accuracy 
Difference between the actual input voltage and the full-scale 
- 
:!ol 
LSB 


equivalent 
of the binary code output code for all errors 


Conversion 
Range 
Analog input voltage range 
VRL 
VRH 
V 


VRH 
Maximum 
analog 
reference 
voltage 
VRL 
VDD+0.1 
V 


VRL 
Minimum 
analog reference voltage 
VSS-O.l 
VRH 
V 


Conversion 
Time 
Total time to perform a single analog to digital conversion 


a. External Clock (XTAL, EXTAL) 
- 
32 
tcyc 
b. Internal RC oscillator 
- 
32 
fJ-S 


Monotonicity 
Conversion 
result 
never 
decreases 
with 
an increase 
in input 
Guaranteed 
voltage and has no missing codes 


Zero-Input 
Reading 
Conversion 
result when Vin = VRL 
00 
- 
Hex 


Full-Scale Reading 
Conversion result when Vin = VRH 
- 
FF 
Hex 


Sample Acquisition 
Time 
Analog 
input 
acquisition 
sampling 
(see Note 1) 
a. External Clock (XTAL, EXTALI 
- 
12 
tcyc 


b. Internal RC oscillator 
- 
12 
fJ-s 


Sample/Hold 
Capacitance 
Input capacitance on PD7/AN7-PDO ANO 
- 
12 
pF 


Input Leakage 
Input leakage on AID pins PD7 AN7-PDO ANO, VRL, VRH 
- 
1 
fJ-A 


(see Note 21 
- 
1 


NOTES: 
1. Source impedances greater than 10K ohm will adversely affect internal RC charging time during input sampling. 
2. The external system error caused by input leakage current is approximately 
equal to the product of R source and input current.• 
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Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fosc 
MHz 
Crystal Option 
- 
4.2 


External Clock Option 
de 
4.2 


Internal Operating 
Frequency 
fop 
MHz 
Crystal (fosd21 
- 
2.1 
External Clock (fosc/2) 
de 
2.1 


Cycle Time (see Figure 21) 
tcvc 
480 
- 
ns 


Crystal Oscillator Startup Time (see Figure 21) 
tOXOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) 
tlLCH 
- 
100 
ms 


External RESET Input Pulse Width (see Figure 21) 
tRL 
1.5 
- 
tcvc 


Power-On RESET Output Pulse Width 
tpORL 
tcyc 
4064 Cycle Option 
4064 
- 
16 Cycle Option 
16 
- 


Watchdog 
RESET Output Pulse Width 
tDOGL 
1.5 
- 
tcvc 


Watchdog 
Time-Out 
tDOG 
6144 
7168 
tcvc 


EEPROM Byte Erase Time 
tERA 
ms 
o to 70 (Standard) 
10 
- 


- 40 to 85 (Extended) 
10 
- 


- 40 to 125 (Automotive) 
10 
- 


EEPROM Byte Programming 
Time 
tpROG 
ms 
o to 70 (Standardl 
10 
- 


- 40 to 85 (Extended) 
10 
- 


- 40 to 125 (Automotive 1 
20 
- 


Timer 


Resolution** 
tRESL 
4.0 
- 
tcyc 
Input Capture Pulse Width (see Figure 20) 
tTH. tlL 
125 
- 
ns 
Input Capture Pulse Period (see Figure 201 
tlL. 
tlL 
""" 
- 
tcvc 


Interrupt 
Pulse Width (Edge-Triggered) 
tlLlH 
125 
- 
ns 


Interrupt 
Pulse Period 
tlLlL 
" 
- 
tcvc 


OSC1 Pulse Width 
tOH. tOL 
90 
- 
ns 


NOTES: 
"The minimum 
period tlLlL should not be less than the number of cycle times it takes to execute the interrupt 
service routine 
plus 21 tcyc. 
""Since 
a 2-bit prescaler in the timer must count four internal cycles (tcycl, this is the limiting 
minimum 
factor in determining 
the 
timer 
resolution. 
"""The 
minimum 
period tlL TL should not be less than the number of cycle times it takes to execute the capture interrupt 
service 
routine plus 24 tcyc. 


EXTERNAL 
SIGNAL 
(TCAP1, 
TCAP21 
I- trLTL-j 
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Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency 01 Operation 
losc 
MHz 
Crystal Option 
- 
2.0 
External Clock Option 
dc 
2.0 


Internal Operating 
Frequency 
lop 
MHz 
Crystal (lose/2) 
- 
1.0 
External Clock (lose/2) 
dc 
1.0 


Cycle Time (see Figure 21) 
tevc 
1000 
- 
ns 


Crystal Oscillator Startup Time (see Figure 21) 
tOXOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) 
tlLCH 
- 
100 
ms 


External RESET Input Pulse Width (see Figure 21) 
tRL 
1.5 
- 
tcve 


Power-On RESET Output Pulse Width 
tpORL 
tcyc 
4064 Cycle Option 
4064 
- 
16 Cycle Option 
16 
- 


Watchdog 
RESET Output Pulse Width 
tDOGL 
1.5 
- 
tcvc 


Watchdog 
Time-Out 
tDOG 
6144 
7168 
tcvc 


EEPROM Byte Erase Time 
tERA 
ms 
o to 70 (Standard) 
30 
- 


- 40 to 85 (Extended) 
TBD 
- 


- 40 to 125 (Automotive) 
TBD 
- 


EEPROM Byte Programming 
Time 
tpROG 
ms 
o to 70 (Standard) 
30 
- 


- 40 to 85 (Extended) 
TBD 
- 


-40 
to 125 (Automotive) 
TBD 
- 


Timer 
Resolution*" 
tRESL 
4.0 
- 
tcyc 


Input Capture Pulse Width (see Figure 20) 
tTH.tTL 
250 
- 
ns 
Input Capture Pulse Period (see Figure 20) 
tTL.tTL 
'" 
- 
tcvc 


Interrupt 
Pulse Width (Edge-Triggered) 
tlLlH 
250 
- 
ns 


Interrupt 
Pulse Period 
tlLlL 
, 
- 
tcvc 


OSCl Pulse Width 
tOH.tOL 
200 
- 
ns 


NOTES: 


'The 
minimum 
period tlLlL should not be less than the number 01 cycle times it takes to execute the interrupt 
service routine 
plus 21 tcyc. 
**Since 
a 2-bit 
prescaler 
in the timer 
must 
count 
four 
internal 
cycles 
(teyel, 
this 
is the limiting 
minimum 
factor 
in determining 
the 


timer 
resolution. 


""*The 
minimum 
period 
tTLTL 
should 
not be less than 
the 
number 
of cycle 
times 
it takes 
to execute 
the capture 
interrupt 
service 
routine plus 24 tcyc. 
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-, 
i r- tVDDR 


VDD 
~D 
THRESHOLD (1-2 V TYPICAL! 


I 
I 


DSC1" !~-.p~Z~/ 
/~Z~//~Z~O~/~/ 
/~Z~/ 
/~Z~7Z~/~/Z~/~O~Z~//~1~/ 
/~Z~7Z~Z~O~Z~//~/~/ 
/~/~//~Z~/ 
/~7Z~/~/ 
/~/~Z/ 


I tDXOV: 
4064 lcyc 
I 
:-"1- 
.: 
I 
I 
I 
J 


I 
I 
i 
lcyc l 


INTERNAL 


PROCESSOR 


CLOCK' 


INTERNAL 


ADORESS 


BUS' 


INTERNAL 


DATA 
BUS' 


'Internal 
timing 
signal 
and 
bus 
information 
not 
available 
externally. 
"OSel 
line 
is not 
meant 
to represent 
frequency. 
It is only 
used 
to represent 
time. 


'''The 
next 
rising 
edge 
of the 
internal 
processor 
clock 
following 
the 
rising 
edge 
of RESET 
initiates 
the 
reset 
sequence. 


The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 


MS"-"'-DOS/PC-DOS 
disk file 
(360K) 
EPROM(s) 
2764, MCM68764, 
MCM68766, 
or EEPROM 
MC68HC805C4 
To initiate 
a ROM 
pattern 
for the 
MCU, 
it is necessary 
to first contact 
the local field 
service 
office, 
a sales person, 
or a Motorola 
representative. 


FLEXIBLE 
DISKS 


A 
flexible 
disk 
(MS-DOS/PC-DOS 
disk 
file!. 
pro- 
grammed 
with 
the customer's 
program 
may 
be submit- 
ted for pattern 
generation. 
The diskette 
should 
be clearly 
labeled 
with 
the customer's 
name, 
data, 
project 
or prod- 
uct name, 
and the name of the file containing 
the pattern. 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is the IBM@ Personal 
Computer 
(PC) Disk Operating 
Sys- 


tem. 
Disk 
media 
submitted 
must 
be a standard 
density 
(360K) double-sided 
5 1/4 inch compatible 
floppy 
diskette. 


The diskette 
must 
contain 
object 
file code 
in Motorola's 
S-record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the 
pattern 
file. 


EPROMs 


A 2764, 
68764, 
or 
68766 
type 
EPROM, 
programmed 
with 
the 
customer's 
program 
(positive 
logic 
sense 
for 
address 
and 
datal. 
may 
be submitted 
for pattern 
gener- 


ation. 
Since 
all program 
and data space 
information 
will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must 
be programmed 
as described 
in the following 
par- 
agraphs. 


For an MC68HC805B6 
MCU 
start 
the 
page 
zero, 
user 
ROM at EEPROM 
address 
$0020 through 
$004F. Start the 
user ROM at EEPROM address 
$0800 through 
$1 EFF with 
vectors 
from 
$1 FFO to $1 FFF. All unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
For shipment 
to 
Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC 
carrier 
and packed 
securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media 
(EPROMs 
or floppy 
disks) are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked, 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the contractual 


agreement 
for the creation 
of the customer 
mask. 
To aid 
in the 
verification 
process, 
Motorola 
will 
program 
cus- 


tomer supplied 
blank 
EPROM(sl 
or DOS disks 
from 
the 
data file 
used to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the pur- 


pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum 
order 
quantity, 
but 
are not 
production 
parts. 


RVUs are not backed 
or guaranteed 
by Motorola 
Quality 
Assurance. 


The following 
table 
provides 
ordering 
information 
per- 


taining 
to the package 
type, 
temperature, 
and MC order 
numbers 
for the 
MC68HC05B6 
device. 


Package Type 
Temperature 
Me Order Number 


Plastic 
O°Cto + 70'C 
MC68HCOSB6P 
IP Suffix) 
- 40'C to + 8SoC 
MC68HCOSB6CP 


- 40°C to + 12S"C 
MC68HCOSB6MP 


PLCC 
O°Cto + 70'C 
MC68HCOSB6FN 


(FN Suffix) 
- 40'C to + 8S'C 
MC68HCOSB6CFN 


- 40'C to + 12S'C 
MC68HCOSB6MFN 


MS is a trademark 
of Microsoft, 
Inc. 


IBM is a registered trademark of International 
Business Machines Corporation. 
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VRH 


P04/AN4 


VOO 


P03/AN3 


P02/AN2 


POllANl 


POD/AND 


NC 


OSCI 


OSC2 


RESET 


IRQ 


PlMA 
O/A 


:5 
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TOO 


TCMP2 


TCMPI 


Po5/AN5 


VRL 


VRH 
P04/AN4 


VoO 
P03/AN3 


P02/AN2 


POI/ANI 


PoO/ANO 


oSCI 


OSC2 


RESET 


IRo 


PLMA olA 


PLMB o/A 


TCAPI 


TCAP2 


PA7 


PA6 


PA5 


PM 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C2 (HCMOS) microcontroller 
unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. 
This high-performance, 
low-power MCU has parallel 110 capability with pins pro- 


grammable as input or output. This publication contains condensed information 
on the MCU; for 
more detailed information, 
contact your local Motorola sales office. 


The following 
block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 


• 
On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 


• 
Memory-Mapped 
I/O 
• 
176 Bytes of On-Chip RAM 
• 
2096 Bytes of User ROM 
• 
24 Bidirectional I/O Lines and 7 Input-Only Lines 
• 
Self-Check Mode 
• 
Power-Saving STOP, WAIT, and Data Retention Modes 
• 
Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
• 
Fully Static Operation 
• 
8 x 8 Unsigned Multiply Instruction 


t 
Internal 
~ 
t 
I 
",-=, r 
. 
~,'"'''"' 
rCAP 
Timer 
Clock 
Oscillator 
Processor 


System 
I 
~~ 
Clock 
RESET 


~ 
IRQ 


PAO 
PCO 


PAl 
Accumulator 
PCl 
PA 
CPU 
PC2 
PA3 
Port 
Data 
Index 
Control 
Data 
Port 
PC3 


PA4 
A 
Oir 
Register 
Dir 
C 
PC4 


PAS 
Reg 
Reg 
Reg 
Reg 
PCS 
PA6 
Condition 
PC6 


PA7 
Code 
PC7 
Register 


CPU 


PBO 
Stack 
PDQ 
PBl 
Pointer 
PDl 


PB2 
Program 
PD2 


PB3 
Port 
Data 
Counter 
PD3 


PB4 
B 
Dir 
High 
Port 0 
PD4 
ALU 


PBS 
Reg 
Reg 
Program 
PDS 


PB6 
Counter 
PD7 


PB7 
Low 
1 
T 
t 


2096 x B 
I 


176xB 
Internal 


ROM 
Static 
Processor 
RAM 
Clock 
240 x 8 
Self-Check 


ROM 
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The signal 
descriptions 
of the MCU are discussed 
in 
the following 
paragraphs. 


VDD AND Vss 


Power 
is supplied 
to the microcontroller 
using 
these 
two 
pins. VOD is the positive 
supply, 
and VSS is ground. 


IRQ 


This 
pin is a programmable 
option 
that 
provides 
two 
different 
choices 
of interrupt 
triggering 
sensitivity. 
Refer 
to INTERRUPTS 
for more 
detail. 


OSC1,OSC2 


These pins provide 
control 
input 
for an on-chip 
clock 
oscillator 
circuit. 
A crystal. a ceramic 
resonator, 
a resistor/ 


capacitor 
combination. 
or an external 
signal 
connects 
to 


2 MHz 
4 MHz 
Unilo 


RSMAX 
400 
75 
D 


Co 
5 
7 
pF 


Cl 
0.0C8 
0.012 
~F 


COSCI 
15-40 
15-:Jl 
pF 


COSC2 
15-:Jl 
15-25 
pF 


Rp 
10 
10 
MD 


these 
pins providing 
a system 
clock. A mask option 
se- 
lects either 
a crystal/ceramic 
resonator 
or a resistor/ca- 


pacitor 
as the 
frequency 
determining 
element. 
The 
oscillator 
frequency 
is two times 
the internal 
bus rate. 


RC Oscillator 


With this option. 
a resistor is connected 
to the oscillator 


pins as shown 
in Figure 
1(d). The relationship 
between 
Rand 
fosc is shown 
in Figure 2. 


Crystal 


The circuit 
shown 
in Figure 1(b) is recommended 
when 
using a crystal. 
Using an external 
CMOS oscillator 
is rec- 


ommended 
when 
crystals 
outside 
the specified 
ranges 
are to be used. The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 
mize output 
distortion 
and start-up 
stabilization 
time. Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VDD 
specifications. 


2-4 MHz 
Units 


AS (typicall 
10 
0 


Co 
40 
pF 


C, 
43 
pF 


COSCI 
30 
pF 


COSC2 
30 
pF 


Rp 
1-10 
MO 


0 
1250 


MCU 


OSCI 
OSC2 


3ll 
Rp 
38 


COSCI1; 
1; 
COSC2 


• 


MOTOROLA 
MICROPROCESSOR 
OATA 


3-793 


:i:~ 
>-uc" 
0.5l 
0.2 
<;~ 
0.1 


Iii 
0 
0.05 


0.02 


Figure 
2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


Ceramic 
Resonator 


A ceramic 
resonator 
may be used in place of the crystal 
in cost-sensitive 
applications. 
The circuit 
in Figure 
1(b) is 
recommended 
when 
using 
a ceramic 
resonator. 
Figure 
1(a) lists 
the 
recommended 
capacitance 
and 
resistance 
values. 
The 
manufacturer 
of 
the 
resonator 
considered 
should 
be consulted 
for specific 
information 
on resonator 
operation. 


External 
Clock 


An external 
clock 
should 
be applied 
to the OSC1 input 
with 
the 
OSC2 input 
not connected, 
as shown 
in Figure 
1(e). This 
option 
may 
only 
be used 
with 
the 
crystal 
os- 
cillator 
mask 
option. 


INPUT 
CAPTURE 
(TCAP) 


This 
pin controls 
the 
input 
capture 
feature 
for the on- 
chip 
programmable 
timer. 


OUTPUT 
COMPARE 
(TCMP) 


This 
pin 
provides 
an output 
for 
the 
output 
compare 
feature 
of the on-chip 
timer. 


RESET 


This 
pin 
is used to reset the 
MCU 
and 
provide 
an or- 


derly 
start-up 
procedure 
by pulling 
RESET low. 


INPUTIOUTPUT 
PORTS (PAO-PA7, 
PBO-PB7, PCO-PC7) 


These 
24 lines 
are arranged 
into 
three 
8-bit 
ports 
(A. 
B, and C). These 
ports 
are programmable 
as either 
inputs 
or outputs 
under 
software 
control 
of the 
data 
direction 
registers. 
Refer to PROGRAMMING 
for 
additional 
infor- 


mation. 


FIXED INPUT 
PORT (PDO-PD5, PD7) 


These 
seven 
lines 
comprise 
port~, 
a fixed 
input 
port. 


Refer to PROGRAMMING 
for additio'nal 
information. 


Input/output 
port 
programming 
and 
fixed 
input 
port 
programming 
are discussed 
in the following 
paragraphs. 


INPUTIOUTPUT 
PORT PROGRAMMING 
Any 
port 
pin is programmable 
as either 
an input 
or an 
output 
under 
software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Each port 
bit can be selected 
as 
output 
or input 
by writing 
the 
corresponding 
bit 
in the 
port DDR to a logic one for output 
and logic zero for input. 


On reset, 
all DDRs are initialized 
to logic 
zero to put the 
ports 
in the input 
mode. 
The port output 
registers 
are not 
initialized 
on reset 
but 
may 
be written 
to before 
setting 
the DDR bits to avoid 
undefined 
levels. 


When 
programmed 
as outputs, 
the latched 
output 
data 
is readable 
as input 
data regardless 
of the logic 
levels 
at 
the output 
pin due to output 
loading. 
The latched 
output 
data 
bit may 
always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This 
port 
write 
may 
be used 
to 
initialize 
the data 
registers 
and avoid 
undefined 
outputs. 
Refer to 
Figure 
3 for typical 
port 
circuitry 
and to Table 
1 for a list 
of the 1/0 pin functions. 


R/W* 
DDR 
1/0 Pin Functions 
a 
a 
The 110 pin is in input mode. Data is 
written 
into the output data latch. 


a 
1 
Data is written into the output data latch 
and output to the 110 pin. 


1 
a 
The state of the 110 pin is read. 


1 
1 
The 110 pin is in an output mode. The 
output data latch is read. 


FIXED INPUT 
PORT PROGRAMMING 
Port 0 is a fixed 
input 
port (PDO-PD5. PD7) that monitors 
the external 
pins. To avoid 
spurious 
interrupts 
and erratic 
operation 
of port 
0, 
memory 
accesses 
to 
unused 
loca- 
tions 
$OOOA through 
$0011 
must 
not 
be performed. 


NOTE 


Any 
unused 
inputs 
and 1/0 ports 
should 
be tied 
to 
an appropriate 
logic 
level (e.g., either 
VDD or VSS). 
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Internal 
MCU 
Connections 


The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF4to $1FFF. 


The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten 
due to stacking from an interrupt 
or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR IAI 
The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 


INDEX REGISTER(XI 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 
I 
x 
_ 


PROGRAM COUNTER (PCI 
The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 


12 
I 
PC 
------ 


STACK POINTER(SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction. 
the stack pointer is set to location $OOFF.The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 


When accessing memory, the seven most significant 
bits are permanently set to 0000011.These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within 
the range of $OOFFto $OOCO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 


12 
7 
0 


~ 
s_p 
1 


CONDITION CODE REGISTERICCR) 


The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction 
just executed. 


These bits can be individually 
tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following 
paragraphs. 


CCR 
[iliIilili] 


Half Carry (HI 


This bit is set during ADD and ADC operations to in- 


dicate that a carry occurred between bits 3 and 4. 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-795 


II 


soooo 


I/O 
32 Bytes 


SOO1F 
SOO20 
Use, 
ROM 


48 
Bytes 
SOO4F 
SOO5O 


RAM 


176 
Bytes 


Ports 


7 Bytes 


Unused 
11 Bytes 


TImer 


10 Bytes 


Unused 


4 Bytes 


0031 
\ 
\ 
\ 


\ 
\ 
\ 
\ 
\ 
\ 
\ 


\ 


\ 
\ 
\ 
\ 
\ 


\ 
\ 
\ 
\ 
\ 
\ 
\ 


Port A Data Register 


Port B Data Register 


Port C Data Register 


Port 0 Fixed Input Register 


Port A Data Direction Register 


Port B Data Direction 
Register 


Port C Data Direction Register 


Unused 


Unused 


I 
Unused 


Unused 


Unused 


Unused 


Unused 


Unused 


Unused 


Unused 


Unused 


Timer Control Register 


Timer Status Register 


Input Capture High Register 


Input Capture Low Register 


Output <;:om~re High Register 


Output Compare Low Register 


Counter High Register 


Counter Low Register 


Alternate Counter High Register 


Alternate 
Counter 
Low 
Register 


Unused 


\ 
Unused 


\ 
\ 
Unused 


\ 
Unused 


last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions 
and during 
shifts 
and 
rotates. 
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The self-check 
capability 
provides 
the ability 
to deter- 
mine if the device 
is functional. 
Self-check 
is performed 
using the circuit 
shown 
in Figure 5. Port C pins PCO-PC3 
are monitored 
for the self-check 
results. 
After 
reset, the 
following 
seven tests are performed 
automatically: 


I/O - 
Exercise of ports A. B, and C 
RAM - 
Counter 
test for each RAM byte 
ROM - 
Exclusive 
OR with 
odd ones parity 
result 
Timer- 
Tracks counter 
register and checks OCF flag 
Interrupts 
- 
Tests external, 
and timer 
interrupts 
Self-check 
results 
(using 
the 
LEOs as monitors) 
are 
shown 
in Table 2. The following 
subroutines 
are available 
to the user and do not require 
any external 
hardware. 


0031 
\0032 
\ 


\ 
\ 
0079\ 
OOBO \ 


\ 
\ 


\\ 


\ 
\ 


\ 


Stack 


64 
Bytes 


0255 
0256 


User 
ROM 


2048 Bytes 


4351 
4352 


Unused 


5632 Byles 


7935 
7936 


Self Check 


S1FOF 
-- -- 
SIFEO 


Self-Check 


Vectors 
256 Bytes 


S1FEF 
8175 


SlFFO 
Unused 
B176 


S1FF3 


4 Bytes 
8179 
S1FF4 
User 
8180 
Vectors 


S1FFF 
12 Bytes 
B191 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked 
(disabled). 
If an interrupt 
occurs while 
this bit is 
set, the interrupt 
is latched and processed 
as soon as the 
interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that the result of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result is a logic one). 


Zero (Z) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipuldtion 
was zero. 


Carry/Borrow 
(CI 


When 
set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit (ALU) occurred 
during 
the 


REsEr 


+9 V 


1 


19 
REsEr 
1 


iRci 
10k 
10k 


VOO 
40 
+5V 
+5V 
NC 


OSC1 
39 
qF 
10k 


37 
TCAP 
10M 0 
4MHz 
MCU 
4 
PA7 
38 
~F 
OSC2 


PA6 
36 
IS•• Note) 


6 
P07 
+5V 
PA5 
35 
'=" 
TCMP 
PA4 
34 
P05 
PAJ 
33 
1M 
PD4 
PA2 
32 
10 k 
P03 
'=" 
10 
PAl 
P02 
31 


11 
PAO 
~ 
• 


P01 


POO 
29 


12 
28 
1 k 
P80 
PCO 
+5V 
13 
27 
" 


1 k 
P81 
PCl 


14 
26 
, 
1 k 
10 k 
P82 
PC2 


15 
25 
" 


1 k 
P83 
PC3 


16 
PC4 
24 
P84 
17 
PC5 
23 
P85 


18 
PC6 
22 


P86 


19 
PC7 
21 
P87 
VSS 


20 


'=" 


NOTE: The RC Oscillator Option may also be used in this circuit. 


Figure 
5. Self-Check 
Circuit 
Schematic 
Diagram 


PC3 
Pe2 
PCl 
PeO 
Remarks 


1 
0 
0 
1 
Bad 110 


1 
0 
1 
0 
Bad RAM 


1 
0 
1 
1 
Bad Timer 


1 
1 
0 
1 
Bad ROM 


1 
1 
1 
1 
Bad Interrupts or IRC Request 


Flashing 
Good Device 


All Others 
Bad Device, Bad Port C, etc. 


TIMER 
TEST SUBROUTINE 


This 
subroutine 
returns 
with 
the 
Z bit cleared 
if any 
error 
is detected; 
otherwise, 
the 
Z bit 
is set. The timer 
test 
subroutine 
is called 
at location 
$1 FOE. The 
output 
compare 
register 
is first 
set to the 
current 
timer 
state. 


Because 
the timer 
is free 
running 
and has only 
a divide- 


by-four 
prescaler, 
each timer 
count 
cannot 
be tested. 
The 
test reads the timer 
once every 
10 counts 
(40 cycles) 
and 


checks 
for 
correct 
counting. 
The test tracks 
the 
counter 
until 
the timer 
wraps 
around, 
triggering 
the output 
com- 


pare flag in the timer 
status 
register. 
RAM locations 
$0050 
and $0051 are overwritten. 
Upon 
return 
to the user's 
pro- 
gram, 
X = 40. If the test passed, 
A = O. 


ROM CHECKSUM 
SUBROUTINE 


This 
subroutine 
returns 
with 
the 
Z bit 
cleared 
if any 
error 
is detected; 
otherwise, 
the 
Z bit 
is set. The 
ROM 
checksum 
subroutine 
is called at location 
$1 F93 with 
RAM 
location 
$0053 
equal 
to $01 and A=O. 
A short 
routine 
is 
set up and executed 
in RAM to compute 
a checksum 
of 
the 
entire 
ROM 
pattern. 
RAM 
locations 
$0050 
through 
$0053 are overwritten. 
Upon 
return 
to the user's 
program, 


X = O. If the test 
passed, 
A= O. 


The 
MCU 
can be reset 
two 
ways: 
by initial 
power-up 
and by the external 
reset input 
(RESET). The RESET in£!!! 


consists 
mainly 
of a Schmitt 
trigger 
that 
senses 
the RE- 


SET line 
logic 
level. 
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POWER-ON 
RESET (POR) 


An 
internal 
reset is generated 
on power-up 
to allow 
the 
internal 
clock 
generator 
to stabilize. 
The power-on 


reset is strictly 
for power 
turn-on 
conditions 
and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal 
processor 
clock cycl~) 
delay 
after 
the oscillator 
becomes 
active. 
If the RESET pin is 
low at the end of 40~, 
the MCU will 
remain 
in the 
reset condition 
until 
RESET goes high. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic zero is applied 
to the 
RESET input 
for a period 
of one and one-half 
machine 
cycles (tcye!. 


The MCU can be interrupted 
three different 
ways: 
the 
two 
maskable 
hardware 
interrupts 
(IRQ and timer) 
and 
the nonmaskable 
software 
interrupt 
instruction 
(SWI). 


Interrupts 
cause the processor 
to save register contents 
on the stack and to set the interrupt 
mask (I bit) to prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from the stack and normal 
processing 
to 
resume. 
The stacking 
order 
is shown 
in 
Figure 6. 


Unlike 
RESET, hardware 
interrupts 
do not cause the 
current 
instruction 
execution 
to be halted 
but are con- 
sidered 
pending 
until the current 
instruction 
is complete. 


NOTE 


The current 
instruction 
is the one already 
fetched 
and being 
operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks 
all pending 
hardware 
interrupts. 
If unmasked 
(I 
bit clear) and if the corresponding 
interrupt 
enable bit is 
set, the 
processor 
proceeds 
with 
interrupt 
processing; 


otherwise, 
the next instruction 
is fetched 
and executed. 


If both an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 
ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other instruction, 
regardless 
of the I-bit state. 


Refer to Figure 
7 for the reset and interrupt 
instruction 
processing 
sequence. 


j 


R 
1 


IncreaSing Memory 
~ 
Addresses 
U 
R 
N 


TIMER 
INTERRUPT 


There are three different 
timer interrupt 
flags that cause 
a timer 
interrupt 
whenever 
they are set and enabled. 
The 
interrupt 
flags are in the timer 
status register 
(TSRI. and 
the enable 
bits 
are in the timer 
control 
register 
(TCR). 
Refer to TIMER 
for more 
information. 


EXTERNAL INTERRUPT 


If the interrupt 
mask 
bit (I bit) of the 
CCR is set, all 
interrupts 
are disabled. 
Clearing 
the I bit enables 
the ex- 
ternal 
interrupt. 
The external 
interrupt 
is internally 
~- 
chronized 
and then 
latched 
on the falling 
edge of IRQ. 
The action ofthe 
external 
interrupt 
is identical 
to the timer 
interrupt 
with 
the 
exception 
that 
the 
interrupt 
request 
input 
at IRQ is latched 
internally 
and the service 
routine 
address 
is specified 
by the contents 
of $1FFA and $1FFB. 


Either 
a level-sensitive 
and edge-sensitive 
trigger, 
or 


an edge-sensitive-only 
trigger 
are available 
as a mask 
option. 
Figure 8 shows both a functional 
internal 
diagram 
and a mode 
timing 
diagram 
for the interrupt 
line. The 
timing 
diagram 
shows 
two 
treatments 
of the 
interrupt 
line to the processor. 
The first 
method 
shows 
a single 
pulse on the interrupt 
line spaced far enough 
apart to be 
serviced. 
The minimum 
time between 
pulses is a function 
ofthe 
length of the interrupt 
service. Once a pulse occurs, 


the next pulse should 
not occur until an RTI occurs. This 


time (tluLl 
is obtained 
by adding 
21 instruction 
cycles to 
the total number 
of cycles it takes to complete 
the service 
routine 
(not 
including 
the RTI instruction). 
The second 
method 
shows 
many interrupt 
lines "wire-ORed" 
to form 
the 
interrupts 
at the 
processor. 
If the 
interrupt 
line 
re- 


mains 
low after servicing 
an interrupt. 
then the next in- 


terrupt 
is recognized. 


NOTE 


The internal 
interrupt 
latch is cleared in the first part 
of the interrupt 
service 
routine; 
therefore, 
one ex- 


ternal 
interrupt 
pulse could be latched and serviced 
as soon as the I bit is cleared. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes 
after the other 
interrupts. 
The SWI 
operation 
is similar 
to the hardware 
interrupts. 
The in- 


terrupt 
service 
routine 
address 
is specified 
by the con- 
tents of memory 
locations 
$1 FFC and $1 FFD. 


Condition 
Code Register 


Accumulator 


Index Register 


PCH 


o 
Stack 
I 


11 
P 


T 


NOTE: 
Since the Stack Pointer decrements during pushes. the peL is 
stacked first. followed 
by PCH. etc. Pulling from the stack is 


in the reverse order. 
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Clear IRQ 


Request 
Latch 


• 


Load PC from: 


5WI:$lFFC-$lFFD 
IRQ: $lFFA-$lFFB 
Timer: 
$1 FF8-$1 FF9 


Complete 


Interrupt 


Routine 
and Execute 
RTI 
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II 


External 


Interrupt 
Request 


Power-On 
Reset 


External 
Reset 


External 
Interrupt 
Being Serviced 
(Vector Fetchl 


Edge-_ 
Trigger 
~ 
The minimumpulse width 1~L1HIis either 
125ns IVOO-5VI or250ns IVOO-3 VI. 
The period tlLlLshould not be Jess then 
the numbo<01 lcyc cycles it takes to ex- 
ecute the interrupt 
seMce 
routine 
plus 21 
leye cycles. 


~_Trigger~ 
II alter servicing an interrupt the i1iQ .-. 
mains low. 
then the 
next interrupt is 
recognized . 


ili1l~tILlH 
U 
I. 
tILlL-----~1 


ilm~~ 
tILIH=::--I 
•..------ 
r 
IROn 
-------' 


Normallv 
Used with 
Wi.-.ORed 
Connection 


1M:)I ... 
--Jr 


The STOPinstruction placesthe MCU in its lowest power 
consumption 
mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer operation (refer to Figure 9). 


During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The I bit in the CCRis cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output 
lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPUaction is suspended, 
but the timer remains active (refer to Figure 10). An in- 
terrupt from the timer can cause the MCU to exit the WAIT 
mode. 
During the WAIT mode, the I bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 


DATA RETENTION 
MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
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(11 Fetch 
Reset 
Vector 
or 


(21 Service 
Interrupt 
a. 
Stack. 


b. Set I Bit 


c. Vector 
to Interrupt 


Routine 


data retention 
mode where the data is held, but the device 
is not guaranteed 
to operate. The MCU should be in RESET 
during 
data retention 
mode. 


The timer 
consists 
of a 16-bit, software-programmable 
counter 
driven 
by a fixed 
divide-by-four 
prescaler. 
This 
timer 
can be used for 
many 
purposes, 
including 
input 
waveform 
measurements 
while 
simultaneously 
gener- 
ating 
an output 
waveform. 
Pulse widths 
can vary from 
several 
microseconds 
to many 
seconds. 
Refer to Figure 
11 for a timer 
block diagram. 
Because the timer 
has a 16-bit architecture, 
each spe- 
cific functional 
segment 
(capability) 
is represented 
by two 
registers. 
These registers 
contain 
the high and low byte 
of that functional 
segment. 
Generally, 
accessing 
the low 
byte of a specific 
timer 
function 
allows full control 
of that 
function; 
however, 
an access of the 
high 
byte 
inhibits 
that specific 
timer 
function 
until the low byte is also ac- 
cessed. 


NOTE 


The I bit in the CCR should 
be set while 
manipu- 
lating 
both the high and low byte register 
of a spe- 
cific timer 
function 
to ensure that an interrupt 
does 
not occur. 


COUNTER 


The key eiement 
in the programmable 
timer 
is a 16- 
bit, free-running 
counter 
or counter 
register, 
preceded 
by 
a prescaler 
that 
divides 
the internal 
processor 
clock 
by 
four. 
The prescaler 
gives 
the timer 
a resolution 
of 2.0 
microseconds 
if the internal 
bus clock 
is 2.0 MHz. The 
counter 
is incremented 
during 
the low portion 
of the in- 
ternal 
bus clock. 
Software 
can read the counter 
at any 
time without 
affecting 
its value. 
The double-byte, 
free-running 
counter 
can be read from 
either 
of 
two 
locations, 
$18-$19 
(counter 
register) 
or 
$1A-$1 B (counter 
alternate 
register). 
A read from 
only 
the least significant 
byte (LSB) ofthe 
free-running 
counter 
($19, $1B) receives the count value at the time of the read. 
if a read of the free-running 
counter 
or counter 
alternate 
register 
first 
addresses 
the most significant 
byte (MSB) 
($18, $1Al. 
the LSB ($19, $1B) is transferred 
to a buffer. 


This buffer 
value 
remains 
fixed 
after the first 
MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed 
when 
reading 
the free-running 
counter 
or 
counter 
alternate 
register 
LSB ($19 or $1 B) and, thus, 


completes 
a read sequence 
of the total counter 
value. 
In 
reading 
either 
the free-running 
counter 
or counter 
alter- 


nate register, 
if the MSB is read, the LSB must 
also be 
read to complete 
the sequence. 


The counter 
alternate 
register 
differs 
from 
the counter 
register 
in one respect: 
a read of the counter 
register 
MSB 
can clear the timer 
overflow 
flag 
(TOF). Therefore, 
the 
counter 
alternate 
register can be read at any time without 
the possibility 
of missing 
timer 
overflow 
interrupts 
due 
to clearing 
of the TOF. 
The free-running 
counter 
is configured 
to $FFFC during 
reset and is always 
a read-only 
register. 
During 
a power- 
on reset, the counter 
is also preset to $FFFC and begins 
running 
after the oscillator 
start-up 
delay. 
Because 
the 
free-running 
counter 
is 16 bits preceded 
by a fixed divide- 
by-four 
prescaler, 
the value 
in the free-running 
counter 
repeats every 262,144 internal 
bus clock cycles. When the 
counter 
rolls over from $FFFF to $0000, the TOF bit is set. 


An interrupt 
can also be enabled 
when 
counter 
rollover 
occurs 
by setting 
its interrupt 
enable 
bit (TOlE). 


OUTPUT 
COMPARE 
REGISTER 


The 16-bit output 
compare 
register 
is made up of two 
8-bit registers 
at locations 
$16 (MSB) and $17 (LSB). The 
output 
compare 
register 
is used for 
several 
purposes, 
such as indicating 
when 
a period of time has elapsed. All 
bits are readable 
and writable 
and are not altered 
by the 
timer 
hardware 
or reset. 
If the compare 
function 
is not 
needed, the two bytes of the output 
compare 
register 
can 
be used as storage 
locations. 
The output 
compare 
register 
contents 
are compared 
with the contents 
of the free-running 
counter 
continually, 
and if a match 
is found, 
the corresponding 
output 
com- 
pare flag 
(OCF) bit is set and the corresponding 
output 
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Oscillator Active 


Timer 
Clock Active 
Processor Clocks Stopped 


I1l FOlchR_I 
Voctor or 
(2) SofVico Into<rupl 
o. Stadt 
b. SoIl 
Bil 
c. Voctor 10 Inl""",,1 
Routine 


level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding 
interrupt enable bit (OCIE) is set. 


After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function 
is inhibited 
until the LSB ($17) is also written. 


The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 


The processor can write to either byte of the output 
compare register without 
affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 


Two a-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG).Reset 
does not affect the contents of the input capture register. 


The result obtained by an input capture will be one 
more than the value of the free-running 
counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 


The free-running 
counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 
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ICIE - 
Input 
Capture 
Interrupt 
Enable 


1= Interrupt 
enabled 


0= Interrupt 
disabled 


OCIE - 
Output 
Compare 
Interrupt 
Enable 


1= Interrupt 
enabled 


0= Interrupt 
disabled 


TOlE - 
Timer 
Overflow 
Interrupt 
Enable 


1 = Interrupt 
enabled 


0= Interrupt 
disabled 


lEDG - 
Input 
Edge 


Value 
of input 
edge 
determines 
which 
level 
transition 


on TCAP pin will 
trigger 
free-running 
counter 
transfer 


to the input 
capture 
register 


1 = Positive 
edge 


0= Negative 
edge 


Reset does 
not affect 
the IEDG bit (U = unaffected). 


In_ 
Processor 
Clock 


low 
eyte 
Byte 


16-Bit Free 
$18 
Running 
Counter 
$19 


Counter 
$1A 
Alternate 
Risto< 
$lB 


Timer 
Status 
Reg. 


Output 
llMll 
Reg. 


Tirn8f 
iiEffi 


Contr~ 
Reg. 
$12 


After 
a read 
of the 
input 
capture 
register 
($14) 
MSB. 


the counter 
transfer 
is inhibited 
until 
the LSB ($15) is also 
read. This characteristic 
causes the time 
used in the input 
capture 
software 
routine 
and its interaction 
with 
the main 
program 
to determine 
the minimum 
pulse 
period. 


A read of the input 
capture 
register 
LSB ($15) does not 
inhibit 
the free-running 
counter 
transfer 
since they 
occur 
on opposite 
edges 
of the internal 
bus clock. 


TIMER CONTROL REGISTER (TCRI $12 


The TCR is a read/write 
register 
containing 
five control 
bits. Three 
bits control 
interrupts 
associated 
with the timl;lr 
status 
register 
flags 
ICF. OCF. and TOF. 


o 
a 


ClK 


Output 
Edge 


Level 
Input 


(TCMP) (TCAP) 
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OLVL - 
Output 
Level 
Value 
of output 
level 
is clocked 
into 
output 
level 
reg- 
ister 
by the 
next 
successful 
output 
compare 
and 
will 
appear 
on the TCMP 
pin 
1 = High 
output 
0= Low 
output 
Bits 2, 3, and 4 - 
Not used 
Always 
read zero 


TIMER 
STATUS 
REGISTER 
(TSR) $13 


The TSR is a read-only 
register 
containing 
three 
status 
flag 
bits. 


7 


u 
U 


ICF - 
Input 
Capture 
Flag 
1 = Flag set when 
selected 
polarity 
edge is sensed 
by 
input 
capture 
edge 
detector 
0= Flag cleared 
when 
TSR and input 
capture 
low reg- 
ister 
($15) are accessed 
OCF - 
Output 
Compare 
Flag 
1 = Flag set when 
output 
compare 
register 
contents 
match 
the free-running 
counter 
contents 
0= Flag cleared 
when 
TSR and output 
compare 
low 
register 
($17) are accessed 
TOF - 
Timer 
Overflow 
Flag 
1 = Flag set when 
free-running 
counter 
transition 
from 
$FFFF to $0000 
occurs 
0= Flag cleared 
when 
TSR and counter 
low 
register 
($19) are accessed 
Bits 0-4 - 
Not used 
Always 
read zero 


Accessing 
the 
timer 
status 
register 
satisfies 
the 
first 
condition 
required 
to clear status 
bits. The remaining 
step 
is to access 
the 
register 
corresponding 
to the status 
bit. 


A problem 
can occur 
when 
using 
the 
timer 
overflow 
function 
and reading 
the free-running 
counter 
at random 
times 
to measure 
an elapsed 
time. 
Without 
incorporating 
the proper 
precautions 
into software, 
the timer 
overflow 
flag 
could 
unintentionally 
be cleared 
if: 


1) The 
timer 
status 
register 
is read 
or written 
when 
TOF is set, and 
2) The LSB of the free-running 
counter 
is read but not 
for the 
purpose 
of servicing 
the flag. 
. 


The counter 
alternate 
register 
at address 
$1A and $1 B 
contains 
the same 
value 
as the free-running 
counter 
(at 
address 
$18 and 
$19); 
therefore, 
this 
alternate 
register 
can be read 
at any time 
without 
affecting 
the timer 
ov- 
erflow 
flag 
in the timer 
status 
register. 


TIMER 
DURING 
WAIT 
MODE 


The 
CPU clock 
halts 
during 
the 
WAIT 
mode, 
but 
the 
timer 
remains 
active. 
An interrupt 
from 
the timer 
causes 
the 
processor 
to exit the WAIT 
mode. 


TIMER 
DURING 
STOP MODE 


In the STOP mode, 
the timer 
stops 
counting 
and holds 
the 
last count 
value 
if STOP is exited 
by an interrupt. 
If 


RESET is used, 
the 
counter 
is forced 
to $FFFC. 
During 
STOP, 
if at least 
one valid 
input 
capture 
edge 
occurs 
at 
the 
TCAP 
pin, the 
input 
capture 
detect 
circuit 
is armed. 


This does 
not set any timer 
flags 
nor wake 
up the 
MCU, 


but when 
the MCU does wake 
up, there 
is an active 
input 
capture 
flag 
and 
data 
from 
the 
first 
valid 
edge 
that 
oc- 
curred 
during 
the 
STOP mode. 
If RESET is used 
to exit 
STOP mode, 
then 
no input 
capture 
flag 
or data 
remains, 
even 
if a valid 
input 
capture 
edge 
occurred. 


The MCU 
has a set of 62 basic 
instructions. 
They 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


This 
MCU 
uses 
all 
the 
instructions 
available 
in the 
M146805 
CMOS 
Family 
plus 
one 
more: 
the 
unsigned 
multiply 
(MUL) 
instruction. 
This 
instruction 
allows 
un- 
signed 
multiplication 
of the contents 
of the accumulator 
(AI and the index 
register 
(Xl. The high-order 
product 
is 
then 
stored 
in the index 
register, 
and the low-order 
prod- 
uct is stored 
in the accumulator. 
A detailed 
definition 
of 
the MUL 
instruction 
is shown 
below. 


Operation 
X:A X"A 


Description 
Multiplies 
the eight bits in the index register 
by the eight bits in the accumulator 
to obtain 
a 16-bit unsigned number in the concatenated 
accumulator 
and index register 


Condition 
H: Cleared 
Codes 
I: Not affected 
N: Not affected 
z: Not affected 
C: Cleared 


Source 
MUL 


Addressing 
Mode 
Inherent 


REGISTER/MEMORY 
INSTRUCTIONS 


Most 
of these 
instructions 
use two 
operands. 
One op- 
erand 
is either 
the accumulator 
or the index 
register. 
The 
other 
operand 
is obtained 
from 
memory 
using 
one of the 
addressing 
modes. 
The 
jump 
unconditional 
(JMPI 
and 
jump 
to subroutine 
(JSRI 
instructions 
have 
no 
register 
operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LOX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 
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Function 
Mnemonic 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic 
Compare A with Memory 
CMP 


Arithmetic 
Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ·MODIFY·WRITE 
INSTRUCTIONS 


These 
instructions 
read 
a memory 
location 
or a reg- 


ister, 
modify 
or test 
its contents, 
and write 
the modified 
value 
back 
to 
memory 
or to 
the 
register. 
The 
test 
for 
negative 
or zero 
(TST) 
instruction 
is an exception 
to the 
read-modify-write 
sequence 
since 
it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (Twos Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic 
Shift Right 
ASR 


Test for Negative or Zero 
TST 


Multiply 
MUL 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU 
is capable 
of setting 
or clearing 
any writable 
bit 
which 
resides 
in the 
first 
256 
bytes 
of the 
memory 
space 
where 
all 
port 
registers, 
port 
DDRs, timer, 
timer 
control, 
ROM, 
and 
on-chip 
RAM 
reside. 
An 
additional 
feature 
allows 
the software 
to test and branch 
on the state 
of any bit within 
these 
256 locations. 
The bit set, bit clear 
and 
bit test, 
and 
branch 
functions 
are all 
implemented 
with 
a single 
instruction. 
For test and branch 
instructions, 


the 
value 
of the 
bit tested 
is also 
placed 
in the carry 
bit 
of the condition 
code 
register. 
Refer to the following 
list 
for 
bit manipulation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O ... 
7) 


Branch if Bit n is Clear 
BRCLR n (n=O ... 
7) 


Set Bit n 
BSET n (n = 0 ... 
7) 


Clear Bit n 
BCLR n (n = 0 ... 
7) 


BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for 
branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
BHS 


Branch if Carry Set 
BCS 


Branch if Lower 
BLO 


Branch if Not Equal 
BNE 


Branch if Equal 
BEG 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt Line is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


Stop 
STOP 


Wait 
WAIT 


opcooe MAP 
SUMMARY 


Table 
3 is an opcode 
map for the instructions 
used on 
the 
MCU. 
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I, 
BCC." 
LS~TR 
L$AA 
L$AX 
? 
LSR 
LSR 
AND 
, 
AND 
l 
AN~XT 
I, AND 
12 
AND 
AND 
"~ 
, 
'NN 
, 
'NN 
,., , 
,. 
'MM 
,M 
,. 
'XI , 
" 
, 
· 
· 
1~1 
BRCL:f. 
BCl~t·· I, 
BCS." 
BI~UM 
BIT 
, 
BIT", 
, 
BIT '" I, 
BIT •• , 
BIT 
•• 
n,~, 
, 
n,R 
, 
, 
, 
, 
6 
, 
, 
, 
· 
· 
, 


~n 
BRSE!;A 
BSE~~, 
I, 
BNE." 
ROR 


nlR 
I ROR~w 
1 ROR~NI-l 
, 
ROR 
ROR 
LOA 
? 
lDA01R 
1 lO~XT 
:\ 
lOA 
I, LOA 
LOA 
o~ 
'XI 
I 
,. 
IMM 
" 
", 
I 
" 


BCL~~~ 
, 
, 
, 
, 
6 
, 
2 


7 
BRCL:t. 
I, 
BED•• , 
ASRolR 
ASR~H 
A$RX 
, 
ASR 
ASR 
TAX 
, 
STA 
1 
ST~XT 
" 
STA 
I, 
STA 
STA 
Ol~' 
"' 
I 
, 
, N 
'XI 
, 
,. 
1 
'NN 
,. 
" 
'XI , 
" 


BSE~~~ 
, 
6 
LSL 
' 
2 
· 
• 
,~ 
BRSE!;'. 
BHC~" 
lSlnlA 
lSL~"'H 
LSLX 
, 
LSL 
CLC'NN 
EO~MU 
? 
EOAnlR 
:\ 
EO~XT 
, 
EOR 
I, 
EOR 
EOR 
,~ 
1 
1 
, N 
'XI 
, 
,. 
" 
", , 
" 


BCL~~~ 
, 
, 
, 
, 
6 
, 
2 
, 
· 
· 
,!, 
BRCl:T" 
BHC~~, 
AOl 


nlR 
ROLA 
ROl~"'H 
') 
ROL 
AOL 
SEC 
AOC 
AOC 
AOC 
AOC 
AOC 
AOC 
9 


I 
I ~: 
I 
,., 
I 
,. 
, 
INN 
2 
'MM , 
01' , 
EXT 
3 
"2 
2 
", 
I 
" 
100' 


BSE~~: 
, 
, 
3 
6 
, 
ell 
' 
,ton 
BRSE!~. 
BPLR" 
DEC 
OIR 
oeCA 
oecx 
OEC 
OEC 
OAA 
OAA 
OR~XT 
OAA 
, 
OAA 
ORA 
A 
, 
'NN 
I 
'NN 
2 
'XI 
, 
" 
, 
'NN 
2 
'MM , 
0" , 
, 
" 
'XI 
I 
" 
1010 


BCL~~; 
, 


SEt 
' 
B 
BACL:i. 
I, BM~H 
ADO 
, 
ADO 
OIR 
AD~XT 
ADO 
12 
ADO 
ADO 
B 


'" 
, 
'NN 
'MM 
, 
" 
'XI , 
" 


1011 


BSE1~; 
, 
6 
INC 
~ 
, 


1~ 
BRSE:f. 
I, BM~H 
INeOIR 
INCA 
INCX 
, 
INC 
ASP 
1 JMP01R 
JMP 
JMP 
, 
JMP 
JMP 
C 
, 
'NN , 
'NN 
IX' 
, 
IX 
, 
'NN 
, 
EXT , 
IX 
IX' , 
IX 
1100 


8CL~~; 
TSTo1; 
. 
, 


19, 
BRCL~~ 
I, BM~" 
TSTA 
TSTX 
TST 
TST 
NOP 
BSAR~I 
, 
JSA 


nlR 
JSA~)(T 
1 JSA 
, 
JSA 
JSA 
0 


1 
INH 
I 
'NN 
, 
1)(1 
I 
IX 
, 
'NN 
IX 
'XI 
, 
IX 
II' 
, 
, 


lIE.o 
BRSE:l. 
BSE1~c I, 
BIL." 
STOP 
LOX 
, 
LOX 
LOX 
, 
LOX 
, 
LOX 
LOX 
E 


I 
'NN 
'MM 
0" , 
XT 
IX 
'XI 
, 
IX 
1110 
6 
CLA 
' 
TXA 
' 
, 
BRCLR7 
BCLA7 
BIH 
CLA 
CLAA 
CLAX 
CLA 
WAIT 
STX 
STX 
STX 
STX 
STX 
, 


1111 
, 
.T. 
2 
sse , 
'fl , 
0" 
, 
'NN , 
'NN 
2 
'XI 
, 
IX 
1 
'NN 
, 
'NN 
2 
0" , 
'XT , 
1X2 , 
IXI , 
IX 
1111 


Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relit;"" 
Bit Setl Clear 
Bit rest end Branch 
Indexed INo Offsetl 
Indexed. 
1 Byte I8-Bitl 
Offset 
Indexed. 2 Byte 1'6-B'tl 
Offset 


The MCU uses ten different 
addressing 
modes to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 
code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, 
code con- 
version 
tables, 
and scaling 
tables anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions; 
the longest 
instructions 
(three bytes) permit 
accessing 
tables throughout 
memory. 
Short and long ab- 
solute 
addressing 
is also included. 
One- or two-byte 
di- 
rect addressing 
instructions 
access all data bytes in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach all memory. 


The term 
"effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 
fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., a 
constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct 
addressing 
mode, the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two 
bytes following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with a single three-byte 
instruction. 
When using 
the Motorola 
assembler, 
the user need not specify whether 
an instruction 
uses direct 
or extended 
addressing. 
The 
assembler 
automatically 
selects the shortest 
form 
of the 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed 
byte (the offset) following 
the opcode 
is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
- 126 to + 129 from 
the opcode 
address. 
The programmer 
need not calculate 
the 
offset 
when 
using 
the 
Motorola 
assembler, 
since 
it 
calculates 
the proper 
offset 
and checks to see that 
it is 
within 
the span of the branch. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the 8-bit 
index 
register. 
This addressing 
mode 
can access the first 
256 


memory 
locations. 
These instructions 
are only 
one byte 
long. This mode is often 
used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or 1/0 location. 


INDEXED, 8-BIT OFFSET 


In the 
indexed, 
8-bit 
offset 
addressing 
mode, 
the ef- 
fective address 
is the sum of the contents 
of the unsigned 
8-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode 
is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this 
two-byte 
instruction, 
K would 
typically 
be in X with the address 
of 
the 
beginning 
of the 
table 
in the 
instruction. 
As such, 
tables 
may begin 
anywhere 
within 
the first 
256 address- 
able locations 
and could 
extend 
as far as location 
510 
($1 FE is the 
last location 
at which 
the 
instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address 
is the sum of the contents 
of the unsigned 
8-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This address 
mode can be used in a manner 
similar 
to indexed, 
8-bit offset except that this three-byte 
instruction 
allows 
tables 
to be anywhere 
in memory. 
As 
with 
direct 
and extended 
addressing, 
the 
Motorola 
as- 
sembler 
determines 
the 
shortest 
form 
of 
indexed 
ad- 
dressing. 


BIT SETICLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode, 
and the byte following 
the opcode 
specifies 
the direct 
addressing 
of the byte in 
which 
the specified 
bit is to be set or cleared. 
Any 
readl 


write 
bit in the first 
256 locations 
of memory, 
including 
1/0, can be selectively 
set or cleared 
with 
a single 
two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit that 
is to be tested 
and its condition 
(set or clear). 
is 
included 
in the 
opcode. 
The address 
of the 
byte to be 
tested 
is in the 
single 
byte 
immediately 
following 
the 
opcode 
byte. The signed 
relative 
8-bit offset 
in the third 
byte is added to the PC if the specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based 
on the 
condition 
of any readable 
bit in the first 
256 locations 
of 
memory. 
The span of branching 
is from 
-125 
to + 130 
from 
the opcode 
address. 
The state of the tested 
bit is 
also transferred 
to the 
carry 
bit of the 
condition 
code 
register. 


INHERENT 


In the 
inherent 
addressing 
mode, 
all the 
information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index 
register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 


• 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-807 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VOO 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
VSS -0.3 
to 
V 
VOO +0.3 


Self-Check Mode (IRQ Pin Only) 
Vin 
VSS-0.3 
to 
V 
2 xVOO+0.3 


Current Drain Per Pin Excluding 
I 
25 
mA 
VOO and VSS 


Operating Temperature 
Range 
TA 
Tl to TH 
'C 
MC68HC05C2P, FN 
o to + 70 
MC68HC05C2CP, CFN 
-40 
to +85 
MC68HC05C2VP, VFN 
-40 
to + 105 
MC68HC05C2MP, MFN 
-40 
to + 125 


Storage Temperature 
Range 
TstQ 
-65 
to + 150 
'C 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
6JA 
'CIW 
Plastic 
60 
Plastic leaded 
Chip Carrier (PlCC) 
70 


The 
average 
chip-junction 
temperature, 
TJ' in 'C can 
be obtained 
from: 


TJ= TA + (PO 
0 8JA) 
(1) 
where: 


TA 
8JA 


Po 
PINT 
PI/a 


= Ambient 
Temperature, 
'C 


= Package 
Thermal 
Resistance, 


Junction-to-Ambient, 
'CIW 


= PINT+P,/O 
= 'CC x VCC' Watts 
- 
Chip 
Internal 
Power 
= Power 
Oissipation 
on Input 
and Output 
Pins - 
User 
Oetermined 


This device contains circuitry 
to protect the in- 
puts against damage due to high static voltages 
or electric fields; 
however, it is advised that nor- 
mal precautions 
be taken to avoid application 
of 
any voltage higher than maximum-rated 
voltages 
to this high-impedance 
circuit, 
For proper oper- 
ation, it is recommended 
that Vin and Vout be 
constrained 
to the range VSS '" (Vin or Vout) '" 
VOO' Reliability 
of operation 
is enhanced 
if un- 
used inputs are connected to an appropriate 
logic 
voltage level (e.g" either VSS or VOO). 


For most 
applications 
P,/O<P,NT 
and can be neglected. 


The following 
is an approximate 
relationship 
between 
Po and TJ (if PliO is neglected): 


PO= K+ (TJ + 273'C) 
(2) 
Solving 
equations 
(1) and 
(2) for 
K gives: 


K = Po 
0 (TA + 273'C) +8JAoP02 
(3) 
where 
K is a constant 
pertaining 
to the particular 
part. 
K 
can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA- Using 
this 
value 
of K, 
the values 
of Po and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA' 


C 
(See 
Tablel 


Pins 
Rl 
R2 
C 


PAO-PA7, 
3.26 kO 
2.38 kn 
50 pF 
PBO-PB7, 
PCO-PC7, 
P01-P04 


POO,P05, P07 
1.9 kO 
2.26 kO 
200 pF 


Pins 
Rl 
R2 
C 


PAO-PA7, 
10.91 kO 
6.32 kO 
50 pF 
PBO-PB7, 
PCO-PC7, 
P01-PD4 


POO,P05, P07 
6 kO 
6 kO 
200 pF 


MOTOROLA MICROPROCESSOR DATA 


3-808 


DC ELECTRICAL 
CHARACTERISTICS 
(VOO= 5.0 Vdc ± 10%, VSS = 0 Vdc, TA = Tl to TH' unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, Iload'" 
10.0 ..,A 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-O.l 
- 
- 


Output High Voltage 
VOH 
V 
(Iload=0.8 
mAl PAO-PA7,PBO-PB7,PCO-PC7,TCMP (see Figure 13) 
VOO-0.8 
- 
- 
lIload=1.6 
mAl P01-PD4 (see Figure 14) 
VOO-0.8 
- 
- 


Output low 
Voltage (see Figure 15) 
VOL 
- 
- 
0.4 
V 
(Iload = 1.6 mAl PAO-PA7, PBO-PB7,PCO-PC7,P01-P04, TCMP 


Input High Voltage 
VIH 
0.7xVOO 
- 
VOO 
V 
PAO-PA7, PBO-PB7,PCO-PC7,POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 


Input low 
Voltage 
- 
Vll 
VSS 
- 
0.2xVOO 
V 
PAO-PA7, PBO-PB7,PCO-PC7,POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 


Data Retention 
Mode (0' to 70'C) 
VRM 
2.0 
- 
- 
V 


Supply Current (see Notes) 
'DO 
Run (see Figures 16 and 17) 
- 
3.5 
7.0 
mA 
Wait (see Figures 16 and 17) 
- 
1.6 
4.0 
mA 
Stop (see Figure 17) 
25'C 
- 
2.0 
50 
f'A 
0' to 70'C (Standard) 
- 
- 
140 
f'A 
- 40' to + 85'C 
- 
- 
180 
f'A 
-40' 
to + 125'C 
- 
- 
250 
f'A 


1/0 Ports Hi-Z leakage 
Current 
III 
- 
- 
±10 
f'A 
PAO-PA7, PBO-PB7,PCO-PC7,P01-P04 


Input Current 
lin 
- 
- 
±1 
f'A 
RESET, IRQ, TCAP, OSC1, POO,P05, P07 


Capacitance 
pF 
Ports (a~ut 
or Output) 
Cout 
- 
- 
12 


RESET, IRQ, TCAP, POO-P05, P07 
Cin 
- 
- 
8 


NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint 
of voltage range, 25'C only. 
3. Wait 100: Only timer system active (SPE= TE = RE~O). If SPI, SCI active ISPE= TE = RE= 11add 10% current draw. 
4. Run (Operating) 
100, Wait 100: Measured using external square wave clock source Ifosc=4.2 
MHz), all inputs 0.2 V from rail; 


no de loads, less than 50 pF on all outputs, Cl = 20 pF on OSC2. 
5. Wait. Stop 100: All ports configured 
as inputs, Vll = 0.2 V, VIH ~ VOO- 0.2 V. 
6. Stop 100 measured with OSCl =VSS. 
7. Standard temperature 
range is 0' to 70'C. Extended temperature 
versions and a 25'C only version are available. 


8. Wait 100 is affected linearly by the OSC2 capacitance. 
• 


MOTOROLA MICROPROCESSOR DATA 


3-809 


• 


DC ELECTRICAL CHARACTERISTICS 
(VOO=3.3 Vdc±0.3 
Vdc, VSS=O Vdc, TA=TL 
to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, 'Load.,;10.0 tJA 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-O.t 
- 
- 


Output High Voltage 
VOH 
V 
(ILoad = 0.2 mAl PAQ-PA7,PBO-PB7,PCO-PC7,TCMP (see Figure 13) 
VOO-0.3 
- 
- 
(ILoad=1.6 
mAl P01-P04 (see Figure 14) 
VOO-0.3 
- 
- 


Output Low Voltage (see Figure 1S) 
VOL 
- 
- 
0.3 
V 
(ILoad=0.4 
mAl PAQ-PA7, PBO-PB7,PCO-PC7,P01-P04, TCMP 


Input High Voltage 
- 
V,H 
0.7xVOO 
- 
VOO 
V 
PAQ-PA7, PBO-PB7,PCO-PC7,POO-POS,P07, TCAP, IRO, 
RE!;ET,OSC1 


Input Low Voltage 
- 
V,L 
VSS 
- 
0.2xVOO 
V 
PAQ-PA7, PBO-PB7,PCO-PC7,POO-POS,P07, TCAP, IRO, 
RESET,OSC1 


Data Retention Mode (0· to 70·C) 
VRM 
2.0 
- 
- 
V 


Supply Current (see Notes) 
100 
Run (see Figures 16 and 18) 
- 
1.0 
2.S 
mA 
Wait (see Figures 16 and 18) 
- 
O.S 
1.4 
mA 
Stop (see Figure 18) 
2S·C 
- 
1.0 
30 
tJA 
O· to 70·C (Standard) 
- 
- 
80 
tJA 
-40· 
to +8S·C 
- 
- 
120 
tJA 
-40· 
to + 12S·C 
- 
- 
17S 
tJA 


1/0 Ports Hi-Z Leakage Current 
IlL 
- 
- 
±10 
tJA 
PAQ-PA7, PBO-PB7,PCO-PC7,P01-PD4 


Input Current 
lin 
- 
- 
±1 
tJA 
RESE~IRO, 
TCAP,OSC1,POO,POS,P07 


Capacitance 
pF 
Ports (a~ut 
or Output) 
Cout 
- 
- 
12 
RESET, IRO, TCAP, POO-POS,P07 
Cin 
- 
- 
8 


NOTES: 


1. All values shown reflect average measurements. 
2. Typical values at midpoint 
of voltage range, 2S·C only. 


3. Wait 100: Only timer system active (SPE= TE=RE=O). 
If SPI, SCI active (SPE= TE= RE= 1) add 10% current draw. 
4. Run (Operating) 
'00, Wait '00: 
Measured using external square wave clock source (fosc = 4.2 MHz), all inputs 0.2 V from rail; 


no dc loads, less than SOpF on all outputs, CL = 20 pF on OSC2. 


S. Wait, Stop '00: 
All ports configured 
as inputs, VIL = 0.2 V, V,H = VOO- 0.2 V. 
6. Stop 100 measured with OSC1 =VSS. 
7. Standard temperature 
range is o· to 70·C. Extended temperature 
versions and a 2S·C only version are available. 
8. Wait 'DO is affected linearly by the OSC2 capacitance. 


MOTOROLA MICROPROCESSOR DATA 


3·810 


3.0 
lx2- 
2.0 


0.4 


VOO-VOH (Volts) 


~=- 4.0 
r9 


0.2 


VOllVoltsl 


• 


MOTOROLA MICROPROCESSOR DATA 


3-811 


• 


35 


3.0 


2.5 


WAIT 
MODE 


2.0 
~ 
.§ 


0 
11.6 mAl 
£' 
1 5 


1.0 


05 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-812 


7.0 


6.0 


5.0 


4.0 
<i'5 
0£' 
3.0 


2.0 


1.0 


0 
0 
• 


15 
<i'5 
0 
£' 
10 


05 


0 
0 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-813 


• 


CONTROL 
TIMING 
(VOO=5.0 Vdc± 10%, VSS=O Vdc, TA=TL 
to TH) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fosc 
MHz 
Crystal Option 
- 
4.2 


External Clock Option 
dc 
4.2 


Internal Operating 
Frequency 
fop 
MHz 
Crystal (fosc -;-2) 
- 
2.1 
External Clock (fosc -;-2) 
dc 
2.1 


Cycle Time (see Figure 21I 
tcvc 
480 
- 
ns 


Crystal Oscillator Startup Time (see Figure 21) 
toxOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 191 
tlLCH 
- 
100 
ms 


RESET Pulse Width (see Figure 21) 
tRL 
1.5 
- 
tCYC 


Timer 
Resolution·· 
tRESL 
4.0 
- 
tcyc 
Input Capture Pulse Width (see Figure 20) 
tTH, tTL 
125 
- 
ns 


Input Capture Pulse Period (see Figure 201 
tTLTL 
'" 
- 
tcyc 


Interrupt 
Pulse Width Low (Edge-Triggered) 
(see Figure 8) 
tlLlH 
125 
- 
ns 


Interrupt 
Pulse Period (see Figure 8) 
tlLlL 
, 
- 
tcvc 


OSC1 Pulse Width 
tOH, tOL 
90 
- 
ns 


'The minimum 
period tlLlL should not be less than the number of cycle times it takes to execute the interrupt 
service routine plus 
21 tcyc. 


"Since 
a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting 
minimum 
factor in determining 
the 
timer 
resolution. 
"'The 
minimum 
period lTLTL should not be less than the number of cycle times it takes to execute the capture interrupt 
service 
routine plus 24 tcyc. 


OSC1' ~IIIIIIIIIII 
~IIIIIIIIIII 


tRL 


Internal 
Address 


Bus 


NOTES: 


1. Represents the internal gating of the 05Cl 
pin. 


2. IRQ pin edge-sensitive 
mask option. 


3. IRQ pin level and edge-sensItive 
mask option. 


4. RESET vector address shown for timing example 
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CONTROL 
TIMING 
(VOO=3.3 Vdc±0.3 
Vdc, VSS=O Vdc, TA=TL 
to TH) 


Characteristic 
Symbol 
Mln 
Max 
Unit 


Frequency of Operation 
fosc 
MHz 
Crystal Option 
- 
2.0 
External Clock Option 
dc 
2.0 


Internal Operating 
Frequency 
fop 
MHz 
Crystal (fosc+2) 
- 
1.0 
External Clock (fosc + 2) 
dc 
1.0 


Cycle Time (see Figure 21) 
lcvc 
1000 
- 
ns 


Crystal Oscillator 
Startup Time (see Figure 21) 
toxOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) 
tlLCH 
- 
100 
ms 


RESET Pulse Width - 
Excluding 
Power-Up (see Figure 21) 
tRL 
1.5 
- 
!evc 


Timer 
Resolution" 
tRESL 
4.0 
- 
tcyc 
Input Capture Pulse Width (see Figure 20) 
lTH.lTL 
250 
- 
ns 
Input Capture Pulse Period (see Figure 20) 
lTLTL 
... 
- 
tevc 


Interrupt 
Pulse Width Low (Edge-Triggered) 
(see Figure 8) 
tlLlH 
250 
- 
ns 


Interrupt 
Pulse Period (see Figure 8) 
tlLlL 
. 
- 
tevc 


OSCl Pulse Width 
tOH.tOL 
200 
- 
ns 


'The 
minimum 
period tlLlL should not be less than the number of cycle times it takes to execute the interrupt 
service routine plus 
21 lcyc. 
"Since 
a 2-bit prescaler in the timer must count four internal cycles (leye!. this is the limiting 
minimum 
factor in determining 
the 
timer resolution. 


"'The 
minimum 
period lTLTL should not be less than the number of cycle times it takes to execute the capture interrupt 
service 
routine plus 24leyc. 


External 


Signal 
neAP 
Pin 371 


f-tTLTL-J 
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OSC1· • 


3:0 
d 
:Jl 
Internal 
0 
Processor 
§; 
Clock· 
3:c; 
w 
:Jl 
Internal 
ciII 
0 
Address 
.. ~ 
Bus· 
en 
:Jl0 
C')m 
VI 
VI 
Internal 
0 
Data 
:Jl 
Bus· 
0 


~ 
mrr 


• 


I 
VOO Threshold 11-2 V Typicall 


I 
I 
1-cdmt,1;zzmmommzzmmmzzmozmzmzzmomoo 
, 
I 
, tOXOV I 
4064 lcyc I 
'-"1- 
.' 
I 
I 
I 
I 
I 
J 


I 
I 
iteyC, 


• Internal timing signal and bus information 
not available externally . 


• ·OSCl 
line is not meant to represent frequency. 
It is only used to represent time . 


•• 
• The next rising edge of the internal processor clock following 
the rising edge of FfE"S'rT 
initiates the reset sequence. 


The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 
MDOS@, 
disk file 
MS@·DOS/PC-DOS 
disk file 
(360K) 
EPROM(s) 
2764, MCM68764, 
MCM68766, 
or EEPROM 
MC68HC805C4 
To initiate 
a ROM 
pattern 
for the 
MCU, 
it is necessary 
to first contact 
the local field 
service 
office, 
a sales person, 
or a Motorola 
representative. 


FLEXIBLE 
DISKS 


A flexible 
disk 
(MS-DOS/PC-DOS 
disk 
file), 
pro- 
grammed 
with 
the 
customer's 
program 
(positive 
logic 
sense for address 
and data). may be submitted 
for pattern 
generation. 
The 
diskette 
should 
be clearly 
labeled 
with 
the customer's 
name, 
data, 
project 
or product 
name, 
and 
the 
name 
of the file containing 
the pattern. 


In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the 
pattern 
file. 


MS·DOS/PC·DOS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is the IBM~ 
Personal 
Computer 
(PC) Disk Operating 
Sys- 
tem. 
Disk 
media 
submitted 
must 
be a standard 
density 
(360K) double-sided 
51/4 
inch compatible 
floppy 
diskette. 
The diskette 
must 
contain 
object 
file 
code 
in Motorola's 
S-record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


EPROMs 


A 2764, 
68764, 
or 
68766 
type 
EPROM, 
programmed 
with 
the 
customer's 
program 
(positive 
logic 
sense 
for 
address 
and data), 
may 
be submitted 
for pattern 
gener- 
ation. 
Since 
all program 
and data space 
information 
will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must 
be programmed 
as described 
in the following 
par- 
agraphs. 
For an MC68HC805C4 
MCU 
start 
the 
page 
zero, 
user 
ROM at EEPROM 
address 
$0020 through 
$004F. Start the 
user ROM at EEPROM 
address 
$0100 through 
$08FF with 
vectors 
from 
$1 FF4 to $1 FFF. All unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
For shipment 
to 
Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC 
carrier 
and packed 
securely. 
Styrofoam 
is not acceptable 
for 
shipment. 


Verification 
Media 


All original 
pattern 
media 
(EPROMs 
or floppy 
disks) are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked, 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 
The signed 
verification 
form 
constitutes 
the contractual 
3 


agreement 
for the creation 
of the customer 
mask. To aid 
in the 
verification 
process, 
Motorola 
will 
program 
cus- 
tomer supplied 
blank 
EPROM(s) 
or DOS disks 
from 
the 
data file 
used to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the 
pur· 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum 
order 
quantity, 
but 
are not 
production 
parts. 
RVUs are not backed 
or guaranteed 
by Motorola 
Quality 
Assurance. 


ORDERING 
INFORMATION 


The following 
table 
provides 
ordering 
information 
per- 
taining 
to the package 
type, 
temperature, 
and 
MC order 
numbers 
for the 
MC68HC05C2 
device. 


Package Type 
Temperature 
Me Order Number 


Plastic 
O'C to + 70'C 
MC68HC05C2P 
(P Suffix I 
- 40'C to + 85'C 
MC68HC05C2CP 


-40' 
to + l05'C 
MC68HC05C2VP 


- 40'C to + 125'C 
MC68HC05C2MP 


PLCC 
O'C to + 70'C 
MC68HC05C2FN 
(FN Suffix) 
- 40'C to + 85'C 
MC68HC05C2CFN 


- 40'C to + 105'C 
MC68HC05C2VFN 


- 40'C to + 125'C 
MC68HC05C2MFN 


MDOS is a trademark 
of Motorola 
Inc. 
MS is a trademark 
of Microsoft, 
Inc. 


IBM is a registered trademark 
of International 
Business Machines Corporation. 
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PIN ASSIGNMENTS 


40-PIN DUAL-IN-L1NE PACKAGE 


RESET 
1 
VOO 
i1rn 
OSCl 


NC 
OSC2 


PA7 
4 
TCAP 


PA6 
5 
P07 


PA5 
6 
TCMP 


PA4 
7 
P05 


PA3 
8 
PD4 


PA2 
9 
P03 


PAl 
10 
P02 


PAO 
11 
Xl 
POl 
• 


P80 
12 
29 
PDO 


P81 
13 
29 
PCO 


P82 
14 
27 
PCl 


P83 
15 
26 
PC2 


P84 
16 
25 
PC3 


P85 
17 
24 
PC4 


P86 
18 
23 
PC5 


P87 
19 
22 
PC6 


VSS 
20 
21 
PC7 


I 


i;; 
- N'" 
10'" 
V) ouu« 
««UUI~w 
O(l)(I)UU 
o..o..zz_a:>OO~Z 


PA5 
7 


PA4 
PA3 


PA2 
PAl 
PAO 
P80 


P81 
P82 


P83 
P84 
17 


18 


P07 
TCMP 
PD5 
PD4 
P03 


P02 
POl 
PDO 
PCO 
PCl 


PC2 
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MOTOROLA 
- 
SEMICONDUCTOR 
TECHNICAL DATA 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C3 
(HCMOSl 
microcontroller 
unit 
(MCU) 
is a member 
of the 
M68HC05 
Family 
of 
microcontrollers. 
This 
high-performance, 
low-power 
MCU 
has parallel 
I/O capability 
with 
pins 
pro- 
grammable 
as input 
or output. 
This 
publication 
contains 
condensed 
information 
on the 
MCU; 
for 
more 
detailed 
information, 
contact 
your 
local 
Motorola 
sales 
office. 


The following 
block 
diagram 
depicts 
the hardware 
features; 
additional 
features 
available 
on the 


MCU 
are as follows: 


• 
On-Chip 
Oscillator 
with 
RC or Crystal/Ceramic 
Resonator 
Mask 
Options 


• 
Memory-Mapped 
I/O 


• 
176 Bytes 
of On-Chip 
RAM 


• 
2096 Bytes 
of User 
ROM 


• 
24 Bidirectional 
I/O Lines 
and 7 Input-Only 
Lines 


• 
Serial 
Communications 
Interface 
(SCll System 


• 
Serial 
Peripheral 
Interface 
(SPll System 


• 
Self-Check 
Mode 


• 
Power-Saving 
STOP, WAIT, 
and Data Retention 
Modes 


• 
Single 
3.0- to 5.5-Volt 
Supply 
(2-Volt 
Data Retention 
Mode) 


• 
Fully 
Static 
Operation 


• 
8 x 8 Unsigned 
Multiply 
Instruction 
• 


t 
Internal 
t 
, 
I 
e,_,", I 
~i"'-" 
rCAP 
Timer 
Clock 
Oscillator 
Processor 


I 


System 
I 
~~ 
Clock 


RESET 


• 


IRO 


PAO 
PCO 


PAl 
Accumulator 
PCl 


PA2 
CPU 
PC2 


PA3 
Port 
Data 
Index 
Control 
Data 
Port 
PC3 
PA4 
A 
Dn 
Register 
- 
Dn 
C 
PC4 


PA5 
Reg 
Reg 
Reg 
Reg 
PCS 
PA6 
Con dillon 
PCS 


PA7 
Code 
PC7 
RegIster 
CPU 


PBO 
Slack 
>- 
Port 0 
PD7 


PBl 
POinter 


RDIIPOOI 


PB2 
Program 
>- 
SCI 
TO 
PDII 
PB3 
Port 
Data 
Counter 
MISOIPD21 


PB4 
B 
Dn 
High 
ALU 
MOSIIPD31 
PB5 
Reg 
Reg 
Program 
>- 
SPI 
SCK 
IPD41 


PBS 
Counter 
• 
SS (PD51 
PB7 
Low 


Baud 
Rate 
1 
Generator 


T 
T 
t 


2096 
8 


I 


176x8 


I 


Internal 


ROM 
Static 
Processor 
RAM 
Clock 
240 
x 8 
Sell· Check 
ROM 
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The signal descriptions 
of the MCU are discussed in 
the following 
paragraphs. 


VOO ANOVSS 
Power is supplied to the microcontroller 
using these 
two pins. VOO is the positive supply, and VSS is ground. 


IRQ 
This pin is a programmable 
option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 


OSC1,OSC2 
These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, 
or an external signal connects to 
these pins providing 
a system clock. A mask option se- 
lects either a crystal/ceramic 
resonator or a resistor/ca- 
pacitor 
as the frequency 
determining 
element. 
The 
oscillator frequency is two times the internal bus rate. 


CryoUIl 


2 MHz 
4 MHz 
Unilo 


RSMAX 
400 
75 
0 
Co 
5 
7 
p~ 


C1 
O.<nl 
0.012 
~F 


CoSC1 
15-40 
15-30 
pF 


(;QSC2 
15-30 
15-25 
pF 


Rp 
10 
10 
MO 


K 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
Rand fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VOO 
specifications. 


Ceramic Resonator 


A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer 
of the resonator considered 


2-4 MHz 
Units 


R~ Itypicall 
10 
Il 


Co 
40 
pF 


C, 
4.3 
pF 


COSCI 
30 
pF 


COSC2 
30 
pF 


Rp 
1·10 
Mil 
0 
1250 
- 


MCU 


OSC1 
OSC2 


39 
Rp 
Jll 


0 


CoSC11; 
1; 
COSC2 


(e) External Clock Source Connections 
(For Crystal Mask Option Only) 
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I~g 
" 
0.5 
, 
f 
0.2 
~ 
0.1 


.~ 
0 
0.05 


0.02 


0.01 
1 


Figure 2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


should 
be consulted 
for specific information 
on resonator 
operation. 


External 
Clock 


An external 
clock should 
be applied 
to the OSC1 input 
with 
the OSC2 input 
not connected, 
as shown 
in Figure 
1(e). This option 
may only 
be used with 
the crystal 
os- 
cillator 
mask option. 


INPUT 
CAPTURE 
(TCAP) 


This pin controls 
the input 
capture 
feature 
for the on- 
chip 
programmable 
timer. 


OUTPUT 
COMPARE 
(TCMP) 


This 
pin 
provides 
an output 
for the 
output 
compare 
feature 
of the on-chip 
timer. 


RESET 


This pin is used to reset the MCU and provide 
an or- 


derly 
start-up 
procedure 
by pulling 
RESET low. 


INPUT/OUTPUT 
PORTS (PAO-PA7, PBO-PB7, PCO-PC7) 


These 
24 lines are arranged 
into three 
8-bit 
ports 
(A, 


B, and C). These ports are programmable 
as either inputs 
or outputs 
under 
software 
control 
of the data direction 
registers. 
Refer to PROGRAMMING 
for additional 
infor- 
mation. 


FIXED INPUT 
PORT (PDO-PD5, PD7) 


These seven 
lines comprise 
port 0, a fixed 
input 
port. 


All special functions 
that are enabled 
(SPI, SCll affect this 
port. Refer to PROGRAMMING 
for additional 
information. 


Input/output 
port 
programming, 
fixed 
input 
port 
pro- 
gramming, 
and serial 
port 
programming 
are discussed 
in the following 
paragraphs. 


INPUT/OUTPUT 
PORT PROGRAMMING 


Any port pin is programmable 
as either 
an input 
or an 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Each port bit can be selected 
as 
output 
or input 
by writing 
the corresponding 
bit in the 
port DDR to a logic one for output 
and logic zero for input. 


On reset, all DDRs are initialized 
to logic zero to put the 
ports in the input mode. The port output 
registers 
are not 
initialized 
on reset but may be written 
to before 
setting 
the DDR bits to avoid 
undefined 
levels. 


When programmed 
as outputs, 
the latched output 
data 
is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched 
output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers 
and avoid 
undefined 
outputs. 
Refer to 
Figure 3 for typical 
port circuitry 
and to Table 
1 for a list 
of the I/O pin functions. 


RIW* 
DDR 
I/O Pin Functions 


0 
0 
The I/O pin is in input mode. Data is 
written into the output data latch. 


0 
1 
Data is written into the output data latch 
and output to the I/O pin. 


1 
0 
The state of the 1/0 pin is read. 


1 
1 
The 1/0 pin is in an output mode. The 
output data latch is read. 


FIXED INPUT 
PORT PROGRAMMING 


Port 0 is a fixed input port (PDO-PD5, PD7) that monitors 
the 
external 
pins whenever 
the 
SCI or SPI is disabled. 


After 
reset, all seven 
bits become 
valid 
inputs 
because 
all special 
function 
drivers 
are disabled. 
For example, 


with the SCI enabled, 
PDO and PD1 inputs 
will 
read zero. 


I 
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Internal 
MCU 
Connections 


With 
the SPI disabled, 
P02 through 
P05 will read the state 
of the 
pin at the time 
of the 
read operation. 


Any 
unused 
inputs 
and 
I/O ports 
should 
be tied 
to 
an appropriate 
logic 
level (e.g .• either 
VOO or VSS)· 


SERIAL 
PORT (SCI AND 
SPIl PROGRAMMING 


The SCI and SPI use the port 
0 pins for their 
functions. 


The SCI requires 
two 
pins 
(POO-P01) for its receive 
data 
input 
(ROI) and transmit 
data output 
(TOO), respectively. 


The SPI function 
requires 
four 
of the 
pins 
(P02-P05) 
for 
its 
serial 
data 
input/output 
(MISO), 
serial 
data 
oul£.l!t/ 


input 
(MOSI), 
serial 
clock 
(SCK), 
and 
slave 
select 
(SS), 


respectively. 


The MCU 
is capable 
of addressing 
8192 bytes 
of mem- 


ory and I/O registers, 
as shown 
in Figure 
4. The locations 
consist 
of user 
ROM, user RAM. 
self-check 
ROM, control 
registers, 
and 
I/O. The 
user-defined 
reset 
and 
interrupt 
vectors 
are located 
from 
$1 FF4 to $1 FFF. 


The shared 
stack area is used during 
processing 
of an 
interrupt 
or subroutine 
call to 
save 
the 
CPU state. 
The 
stack pointer 
decrements 
during 
pushes 
and increments 
during 
pulls. 
Refer 
to INTERRUPTS 
for 
additional 
infor- 


mation. 


NOTE 


Using 
the stack area for data storage 
or temporary 
work 
locations 
requires 
care to prevent 
it from 
being 
overwritten 
due 
to 
stacking 
from 
an 
interrupt 
or 
subroutine 
call. 


REGISTERS 


The 
MCU 
contains 
the 
registers 
described 
in the 
fol- 


lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The accumulator 
is a general-purpose 
8-bit register 
used 


to hold 
operands 
and 
results 
of arithmetic 
calculations 


or data 
manipulations. 


INDEX 
REGISTER 
(X) 


The index 
register 
is an 8-bit 
register 
used 
for the 
in- 


dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 


may be added 
to an 8- or 16-bit immediate 
value to create 


an effective 
address. 
The index 
register 
may also be used 


as a temporary 
storage 
area. 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 13-bit 
register 
that 
contains 


the address 
of the next 
byte to be fetched. 


12 


I 
PC 
------ 


STACK 
POINTER 
(SP) 


The stack 
pointer 
is a 13-bit 
register 
that 
contains 
the 


address 
of the next free location 
on the stack. 
During 
an 
MCU 
reset 
or the 
reset 
stack 
pointer 
(RSP) instruction, 


the stack pointer 
is set to location 
$OOFF.The stack pointer 
is then decremented 
as data is pushed 
onto the stack and 
incremented 
as data 
is pulled 
from 
the stack. 
When 
accessing 
memory, 
the 
seven 
most 
significant 
bits are permanently 
set to 0000011. 
These seven 
bits are 
appended 
to the six least significant 
register 
bits to pro- 
duce 
an 
address 
within 
the 
range 
of 
$OOFF to 
$OOCO. 


Subroutines 
and 
interrupts 
may 
use up to 64 (decimal) 
locations. 
If 64 locations 
are exceeded, 
the stack 
pointer 
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I/O 
32 Bytes 


User 
\ 
ROM 
4B Bytes 


RAM 
176 Bytes 
---j--- 


0 
0 


Stack 


64 Bytes 


0 
0 


User 
ROM 


2048 
Byles 


2 
2 


Unused 
5632 Bytes 


7 
7 


Self Check 
.------ 


Self· 
Check 
Vectors 


8 


Unused 
8 


4 Bytes 


User 


Vectors 
12 Bytes 


Ports 
7 Bytes 


Unused 
38ytes 


Serial Peripheral 
Interface 
3 8ytes 


Serial 


Communications 
Interface 
5 8ytes 


Timer 
10 Bytes 


Unused 
4 Bytes 


\ 
\ 


\:~~ 
\ 
\ 
\ 
\ 
\ 
\ 


\ 
\ 


Port A Data Register 


Port B Data Register 


Port C Data Register 


Port 0 Fixed Input Register 


Port A Data Direction Register 


Port B Data Direction Register 


Port C Data Direction Register 


Unused 


Unused 


Unused 


Serial Peripheral Control Register 


Serial Peripheral Status Register 


Serial Peripheral Data 1/0 Register 


Serial Communications 
Baud Rate Register 


Serial Communications 
Control Register 1 


Serial Communications 
Contr~ 
Register 2 


Serial Communications 
Status Register 


Serial Communications 
Data Register 


Timer Control Register 


Timer Status Register 


Input Capture High Register 


Input Capture Low Register 


Output ~om~re 
High Register 


Output Compare Low Register 


Counter High Register 


Counter Low Register 


Alternate Counter High Register 


Alternate Counter Low Register 


Unused 


Unused 
\ 
Unused 
\ 
Unused 


$00 


$01 


$02 


$03 


$04 


$06 


$06 


$07 


SOB 


SOB 


$OA 


$08 
sac 


$00 


$OE 


$OF 


$10 


$11 I 


$12 


$13 


$14 


$15 


$16 


$17 


$18 


$19 


$lA 


$1B 


$IC 


$10 


$1E 


$lF 


0031 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 


wraps 
around 
and loses the previously 
stored 
informa- 
tion. A subroutine 
call occupies two locations on the stack; 


an interrupt 
uses five locations. 


12 
7 
0 


~ 
SP 
I 


CONDITION 
CODE REGISTER 
(CCR) 


The CCR is a 5-bit register 
in which 
four bits are used 
to indicate 
the results 
of the instruction 
just 
executed. 


These bits can be individually 
tested 
by a program, 
and 
specific 
actions 
can be taken 
as a result 
of their 
state. 


Each bit is explained 
in the following 
paragraphs. 


CCR 


CiliIili:liJ 


Half Carry 
(H) 


This bit is set during 
ADD and ADC operations 
to in- 
dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked (disabled). 
If an interrupt 
occurs while this bit is 
set, the interrupt 
is latched and processed 
as soon as the 
interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result is a logic one). 


Zero 
(Z) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 


Carry/Borrow 
(C) 
When set, this bit indicates 
that a carry or borrow 
out 
of the arithmetic 
logical 
unit (ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions 
and 
during 
shifts 
and 
rotates. 
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I 


compare 
register 
is first 
set to the 
current 
timer 
state. 


Because the timer 
is free running 
and has only a divide- 


by-four 
prescaler, 
each timer 
count cannot 
be tested. The 
test reads the timer 
once every 
10 counts 
(40 cycles) and 


checks for correct 
counting. 
The test tracks the counter 
until the timer 
wraps 
around, 
triggering 
the output 
com- 
pare flag in the timer status register. 
RAM locations 
$0050 
and $0051 are overwritten. 
Upon return to the user's pro- 


gram, 
X = 40. If the test passed, A = O. 


The self-check 
capability 
provides 
the ability 
to deter- 
mine 
if the device 
is functional. 
Self-check 
is performed 
using the circuit 
shown 
in Figure 5. Port C pins PCO-PC3 
are monitored 
for the self-check 
results. 
After 
reset, the 


following 
seven tests are performed 
automatically: 


1/0 - 
Exercise 
of ports A, B, and C 
RAM - 
Counter 
test for each RAM byte 
ROM - 
Exclusive 
OR with 
odd ones parity 
result 
Timer- 
Tracks counter 
register 
and checks OCF flag 


Interrupts 
- 
Tests 
external, 
timer, 
SCI and SPI in- 


terrupts 
SCI - 
Transmission 
test; 
checks 
RORF, TORE, TC, 


and FE flags 
SPI - 
Transmission 
test; 
checks 
SPIF, WCOL, 
and 


MOOF flags 
Self-check 
results 
(using 
the 
LEOs as monitors) 
are 
shown 
in Table 2. The following 
subroutines 
are available 
to the user and do not require 
any external 
hardware. 


ROM CHECKSUM 
SUBROUTINE 


This 
subroutine 
returns 
with 
the Z bit cleared 
if any 


error 
is detected; 
otherwise, 
the Z bit is set. The ROM 


checksum 
subroutine 
is called at location 
$1F93 with RAM 
location 
$0053 equal to $01 and A = O. A short 
routine 
is 
set up and executed 
in RAM to compute 
a checksum 
of 
the 
entire 
ROM 
pattern. 
RAM 
locations 
$0050 through 
$0053 are overwritten. 
Upon return to the user's program, 
X = O. If the test passed, A = O. 


TIMER 
TEST SUBROUTINE 


This 
subroutine 
returns 
with 
the Z bit cleared 
if any 
error 
is detected; 
otherwise, 
the Z bit is set. The timer 
test 
subroutine 
is called 
at location 
$1 FOE. The output 
The MCU can be reset two 
ways: 
by initial 
power-up 


and by the external 
reset input (RESET). The RESET input 


REsET 
I 


iRci 
10k 


VDD 
40 
+5V 
NC 


OSCI 
39 


10 k 


37 
TCAP 


MCU 


PA7 
OSC2 
38 


PA6 
36 
PD7 


PA5 
35 
TCMP 
PA4 
PD5/55 


34 


6 
PA3 
33 
1M 


9 
PD4/SCK 


PA2 
32 
10 
PD3/MOSI 
PAl 
31 
II 
PD2/MISO 


PAO 
:xl 
PDI/TOO 
29 
PDQ/RDI 
12 
PCO 
28 
P80 
13 
PCI 
27 
PBI 


10k 
14 
PB2 
PC2 
26 


15 
PC3 
25 


PB3 
16 
PC4 
24 


PB4 
17 
PC5 
23 
PB5 
lB 
PC6 
22 
PB6 
19 
PC] 
21 


PB7 
VSS 


20 


+5V qF 


1 k 


" 
Ik 


,,-,,- 
Ik 


" 
Ik 
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PC3 
PC2 
PC, 
PCG 
Remarks 


1 
0 
0 
1 
Bad 1/0 


1 
0 
1 
0 
Bad RAM 


1 
0 
1 
1 
Bad Timer 


1 
1 
0 
0 
Bad SCI 


1 
, 
0 
, 
Bad ROM 


1 
, 
, 
0 
Bad SPI 
, 
, 
, 
, 
Bad Interrupts or IRQ Request 


Flashing 
Good Device 


All Others 
Bad Device, Bad Port C, etc. 


o indicates lED is on; , indicates lED is off. 
consists 
mainly 
of a Schmitt 
trigger 
that senses the RE- 


SET line logic 
level. 


POWER-ON 
RESET (PORI 


An 
internal 
reset 
is generated 
on power-up 
to allow 
the 
internal 
clock 
generator 
to stabilize. 
The 
power-on 
reset is strictly 
for power 
turn-on 
conditions 
and should 
not be used to detect a drop in the power 
supply 
voltage. 
There is a 4064 internal 
processor 
clock cycl~J!~) 
delay 
after 
the oscillator 
becomes 
active. 
If the RESET pin is 
low at the end of 40~, 
the MCU will 
remain 
in the 
reset condition 
until 
RESET goes high. 


EXTERNAL 
RESET INPUT 


The MCU is reset when 
a logic 
zero is applied 
to the 
RESET input 
for a period 
of one and one-half 
machine 
cycles 
(teyel. 


The 
MCU can be interrupted 
five 
different 
ways: 
the 
four 
maskable 
hardware 
interrupts 
(IRQ, SPI, SCI, and 
timer) 
and the nonmaskable 
software 
interrupt 
instruc- 


tion 
(SWI). 


Interrupts 
cause the processor 
to save register contents 
on the stack and to set the interrupt 
mask (I bit) to prevent 
additional 
interrupts. 
The RTI instruction 
causes the reg- 


ister contents 
to be recovered 
from 
the stack and normal 


processing 
to 
resume. 
The 
stacking 
order 
is shown 
in 
Figure 6. 


Unlike 
RESET, hardware 
interrupts 
do not 
cause 
the 
current 
instruction 
execution 
to be halted 
but 
are con- 


sidered 
pending 
until the current 
instruction 
is complete. 


NOTE 


The current 
instruction 
is the one already 
fetched 
and being 
operated 
on. 


When the current 
instruction 
is complete, 
the processor 
checks 
all pending 
hardware 
interrupts. 
If unmasked 
(I 
bit clear) and if the corresponding 
interrupt 
enable 
bit is 
set, the 
processor 
proceeds 
with 
interrupt 
processing; 


otherwise, 
the next instruction 
is fetched 
and executed. 


If both 
an external 
interrupt 
and a timer 
interrupt 
are 
pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 
same as any other instruction, 
regardless 
of the I-bit state. 


Refer to Figure 
7 for the 
reset and interrupt 
instruction 
processing 
sequence. 


TIMER 
INTERRUPT 


There are three different 
timer 
interrupt 
flags that cause 
a timer 
interrupt 
whenever 
they are set and enabled. 
The 
interrupt 
flags 
are in the timer 
status 
register 
(TSRl. and 
the enable 
bits are in the timer 
control 
register 
(TCR). 


Refer to TIMER 
for more 
information. 


EXTERNAL 
INTERRUPT 


If the 
interrupt 
mask 
bit (I bit) 
of the 
CCR is set, all 
interrupts 
are disabled. 
Clearing 
the I bit enables 
the ex- 


ternal 
interrupt. 
The external 
interrupt 
is internally 
~- 


chronized 
and then 
latched 
on the falling 
edge 
of IRQ. 


The action of the external 
interrupt 
is identical 
to the timer 
interrupt 
with 
the 
exception 
that 
the 
interrupt 
request 
input 
at IRQ is latched 
internally 
and the service 
routine 
address 
is specified 
by the contents 
of $1 FFA and $1 FFB. 
Either 
a level-sensitive 
and edge-sensitive 
trigger, 
or 
an edge-sensitive-only 
trigger 
are available 
as a mask 
option. 
Figure B shows 
both a functional 
internal 
diagram 
and a mode 
timing 
diagram 
for the 
interrupt 
line. 
The 
timing 
diagram 
shows 
two 
treatments 
of the 
interrupt 
line to the 
processor. 
The first 
method 
shows 
a single 
pulse on the interrupt 
line spaced far enough 
apart to be 


Stack 
I 
II 
P 
T 


IncreasIng Memory 1~ 
Addresses 
U 
R 
0 


N 


Condition Code Register 


Accumulator 


Index Register 


NOTE: Since the Stack Pointer decrements during pushes, the PCl is 


stacked first, followed by PCH, etc. Pulling from the stack is 


in the 
reverse 
order. 


• 
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serviced. 
The minimum 
time 
between 
pulses 
is a function 
of the length 
of the interrupt 
service. 
Once a pulse occurs, 


the next 
pulse 
should 
not occur 
until 
an RTI occurs. 
This 


time 
(tluLl 
is obtained 
by adding 
21 instruction 
cycles 
to 
the total 
number 
of cycles 
it takes to complete 
the service 


routine 
(not 
including 
the 
RTI instruction). 
The 
second 


method 
shows 
many 
interrupt 
lines "wire-ORed" 
to form 
the 
interrupts 
at the 
processor. 
If the 
interrupt 
line 
re- 


mains 
low 
after 
servicing 
an interrupt, 
then 
the 
next 
in- 


terrupt 
is recognized. 


NOTE 


The internal 
interrupt 
latch is cleared 
in the first part 


of the 
interrupt 
service 
routine; 
therefore, 
one ex- 


ternal 
interrupt 
pulse could 
be latched 
and serviced 


as soon 
as the 
I bit is cleared. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state 
of the 
I bit in the CCR. If the I bit 


is zero, 
SWI executes 
after 
the other 
interrupts. 
The SWI 


operation 
is similar 
to the 
hardware 
interrupts. 
The 
in- 


terrupt 
service 
routine 
address 
is specified 
by the 
con- 


tents 
of memory 
locations 
$1 FFC and $1 FFD. 


An interrupt 
in the SCI occurs 
when 
one of the interrupt 


flag 
bits 
in the 
serial 
communications 
status 
register 
is 


set, provided 
the 
I bit in the CCR is clear 
and the enable 
bit in the serial 
communications 
control 
register 
2 is set. 


Software 
in the serial 
interrupt 
service 
routine 
must 
de- 


termine 
the 
cause 
and 
priority 
of the 
SCI interrupt 
by 
examining 
the 
interrupt 
flags 
and 
status 
bits 
in the 
SCI 
status 
register. 


An interrupt 
in the SPI occurs 
when 
one ofthe 
interrupt 
flag 
bits 
in the 
serial 
peripheral 
status 
register 
is set 
provided 
the 
I bit in the CCR is clear 
and the enable 
bit 


External 


Interrupt 


Request 


Power-On Reset 


External Reset 


External 
Interrupt 


Being Serviced (Vector Fetch) 


iiill~tlLlH 
U 


I.. 
IILlL----- 
••-1 


iiill:t=-: IILIH==-l 


Edge-Senoilive 
Trigger Condition 


The 
minimum 
pulse 
width 
hIUH) is either 


125 ns IVOO~5 
VI or 250 ns 1VOO=3 VI. 


The period tlllL 
should not be less than 
the number of teyc cycles it takes to ex- 


ecute 
the interrupt 
service 
routine 
plus 21 
lcyc cycles. 


L_Senoilive 
Trigger Condition 
If after 
servicing 
an 
interrupt 
the IRQ re- 


mains low, then the next interrupt is 
recognized. 


___ 
~I 
Normally 
Used with 


Wire-ORad 
Connection 


,M:,I 
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Clear iRCi 


Request 


Latch 


• 
Load PC from· 


SWI :$1 FFC·$1FFD 
IRQ: $lFFA·$lFFB 
Timer: 
$1FFB·$lFF9 
SCI: $1 FF6·$1 FF7 
SPI: $1FF4·$1FF5 


Complete 


Interrupt 


Routine 


and 
Execute 


RTI 
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II 


. ~.. _ 
~ •..•, ••.•, •..••.... 
" •..•IICIOI 
IlILCII 
UJ-Il ~t:1 VIl,.;t! JUUlIne 
mUST 
ae- 
termine 
the 
cause 
and 
priority 
of the 
SPI interrupt 
by 
examining 
the interrupt 
flag bits in the SPI status register. 


'STOP 


The STOP instruction 
places the MCU in its lowest power 
consumption 
mode. 
In the STOP mode, 
the internal 
os- 


cillator 
is turned 
off. 
halting 
all internal 
processing 
in- 


cluding 
timer, 
SCI, and SPI operation 
(refer to Figure 9). 


During 
the 
STOP mode, 
the 
TCR bits 
are altered 
to 
remove 
any pending 
timer 
interrupt 
request 
and to dis- 
able any further 
timer 
interrupts. 
The timer 
prescaler 
is 
cleared. 
The I bit in the CCR is cleared to enable external 
interrupts. 
All other 
registers 
and memory 
remain 
unal- 
tered. All input/output 
lines remain 
unchanged. 
The pro- 
cessor can be brought 
out of the STOP mode only by an 
external 
interrupt 
or reset. 


sel during 
STOP Mode 


When 
the MCU enters the STOP mode, the baud 
rate 


generator 
stops. 
halting 
all SCI activity. 
If the STOP in- 


struction 
is executed 
during 
a transmitter 
transfer, 
that 
transfer 
is halted. 
If a low input to the IRQ pin is used to 
exit STOP mode, the transfer 
resumes. 
If the SCI receiver 
is receiving 
data and the STOP mode is entered. 
received 
data 
sampling 
stops 
because 
the 
baud 
rate generator 


stops, and all subsequent 
data is lost. For these reasons. 


all SCI transfers 
should 
be in the idle state when the STOP 
instruction 
is executed. 


SPI during 
Stop 
Mode 


When 
the MCU enters 
the STOP mode, the baud 
rate 


generator 
stops. 
terminating 
all master 
mode 
SPI oper- 


ations. 
If the STOP instruction 
is executed 
during 
an SPI 
transfer, 
that transfer 
halts until the MCU exits the STOP 
mode 
by a low signal 
on the IRQ pin. If reset is used to 


exit the STOP mode. then the SPI control 
and status 
bits 


are cleared, 
and the SPI is disabled. 
If the MCU is in the 


slave 
mode 
when 
the STOP instruction 
is executed, 
the 


slave 
SPI continues 
to operate 
and can still 
accept data 


and clock information 
in addition 
to transmitting 
its own 


data back to a master 
device. 


At the end of a possible 
transmission 
with 
a slave SPI 
in the STOP mode, 
no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution 
should 
be observed 
when 
operating 
the SPI as a slave during 
the STOP mode 
be- 


cause the protective 
circuitry 
(WCOl, 
MODF, etc.) is in- 


active. 


WAIT 


The WAIT 
instruction 
places the MCU in a low-power 
consumption 
mode, but the WAIT mode consumes 
more 


power than the STOP mode. All CPU action is suspended. 
but the timer, 
SCI, and SPI remain 
active (refer to Figure 


10). An interrupt 
from 
the timer, 
SCI. or SPI can cause 


the MCU to exit the WAIT 
mode. 


(11 Fetch 
Reset 
Vector 
or 


(21 Service 
Interrupt 
a. Stack 
b. Set 
t Bit 
c Vector to Interrupt 


Routine 


During 
the WAIT 
mode, 
the I bit in the CCR is cleared 


to enable 
interrupts. 
All 
other 
registers. 
memory. 
and 


inputioutputlines 
remain in their previous 
state. The timer 
may be enabled 
to allow 
a periodic 
exit from 
the WAIT 


mode. 


DATA RETENTION 
MODE 


The contents 
of RAM and CPU registers 
are retained 
at supply 
voltages 
as low as 2.0 Vdc. This is called 
the 
data retention 
mode where the data is held, but the device 
is not guaranteed 
to operate. The MCU should be in RESET 


during 
data retention 
mode. 


The timer 
consists 
of a 16-bit, software-programmable 
counter 
driven 
by a fixed 
divide-by-four 
prescaler. 
This 


timer 
can be used for 
many 
purposes. 
including 
input 
waveform 
measurements 
while 
simultaneously 
gener- 


ating 
an output 
waveform. 
Pulse widths 
can vary 
from 
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Oscillator 
Active 
Timer. SCI. And SPI 


Clocks 
Active 


Processor 
Clocks 
Stopped 


(1) 
Fetch 
Reset 
Vector 
or 


(21 Service 
Interrupt 
a. Stack 
b. Set 1 Bit 


c. Vector 
to Interrupt 


Routine 


several 
microseconds 
to many 
seconds. 
Refer to Figure 
11 for a timer 
block diagram. 
Because the timer 
has a 16-bit architecture, 
each spe- 
cific functional 
segment 
(capability) 
is represented 
by two 
registers. 
These registers 
contain 
the high and low byte 
of that functional 
segment. 
Generally, 
accessing 
the low 
byte of a specific 
timer function 
allows full control 
of that 
function; 
however, 
an access of the 
high 
byte 
inhibits 
that specific 
timer 
function 
until the low byte is also ac- 
cessed. 


COUNTER 


The key element 
in the programmable 
timer 
is a 16- 
bit, free-running 
counter 
or counter 
register, 
preceded 
by 
a prescaler 
that 
divides 
the internal 
processor 
clock 
by 
four. 
The prescaler 
gives 
the timer 
a resolution 
of 2.0 
microseconds 
if the internal 
bus clock 
is 2.0 MHz. The 
counter 
is incremented 
during 
the low portion 
of the in- 
ternal 
bus clock. 
Software 
can read the counter 
at any 
time 
without 
affecting 
its value. 
The double-byte, 
free-running 
counter 
can be read from 
either 
of 
two 
locations, 
$18-$19 
(counter 
register) 
or 
$1A-$1 B (counter 
alternate 
register). 
A read from 
only 
the least significant 
byte (LSB) of the free-running 
counter 
($19, $1 B) receives the count value at the time of the read. 
If a read of the free-running 
counter 
or counter 
alternate 
register 
first 
addresses 
the most 
significant 
byte (MSB) 


NOTE 


The I bit in the CCR should 
be set while 
manipu- 
lating 
both the high and low byte register 
of a spe- 
cific timer 
function 
to ensure that an interrupt 
does 
not occur. 
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Timer 
Status 
Reg. 


Output 
Edge 


Level 
Input 


(TCMP) 
(TCAPI 


Internal 
Processor 
Clock 


o 
a 


ClK 
Output 
level 
Reg. 


Timer 
Control 
Reg. 
$12 


($18, $1A), 
the 
LSB ($19, $1 B) is transferred 
to a buffer. 


This 
buffer 
value 
remains 
fixed 
after 
the first 
MSB read, 


even 
if the user reads the MSB several 
times. 
This buffer 
is accessed 
when 
reading 
the 
free-running 
counter 
or 
counter 
alternate 
register 
LSB 
($19 
or $1 B) and, 
thus, 


completes 
a read sequence 
of the total 
counter 
value. 
In 
reading 
either 
the free-running 
counter 
or counter 
alter- 
nate 
register, 
if the 
MSB 
is read, 
the 
LSB must 
also 
be 
read to complete 
the sequence. 


The counter 
alternate 
register 
differs 
from 
the counter 
register 
in one respect: 
a read ofthe 
counter 
register 
MSB 
can 
clear 
the 
timer 
overflow 
flag 
(TO F). Therefore, 
the 
counter 
alternate 
register 
can be read at any time without 
the 
possibility 
of missing 
timer 
overflow 
interrupts 
due 
to clearing 
of the TOF. 


The free-running 
counter 
is configured 
to $FFFC during 
reset and is always 
a read-only 
register. 
During 
a power- 


on reset, 
the counter 
is also 
preset 
to $FFFC and 
begins 
running 
after 
the 
oscillator 
start-up 
delay. 
Because 
the 
free-running 
counter 
is 16 bits preceded 
by a fixed 
divide- 
by-four 
prescaler, 
the value 
in the free-running 
counter 
repeats 
every 
262.144 
internal 
bus clock cycles. 
When the 
counter 
rolls over from 
$FFFF to $0000, the TOF bit is set. 


An interrupt 
can also 
be enabled 
when 
counter 
rollover 
occurs 
by setting 
its interrupt 
enable 
bit (TOlE). 


OUTPUT COMPARE REGISTER 


The 16-bit 
output 
compare 
register 
is made 
up of two 
8-bit 
registers 
at locations 
$16 (MSB) 
and $17 (LSB). The 


MOTOROLA 
MICROPROCESSOR 
DATA 


3·830 


output 
compare 
register 
is used for 
several 
purposes, 
such as indicating 
when 
a period of time has elapsed. All 
bits are readable 
and writable 
and are not altered 
by the 
timer 
hardware 
or reset. 
If the compare 
function 
is not 
needed, the two bytes of the output 
compare 
register can 
be used as storage 
locations. 
The output 
compare 
register 
contents 
are compared 
with the contents 
of the free-running 
counter 
continually, 
and if a match 
is found, 
the corresponding 
output 
com- 
pare flag 
(OCF) bit is set and the corresponding 
output 
level (OLCL) bit is clocked to an output 
level register. 
The 
output 
compare 
register 
values 
and the output 
level bit 
should 
be changed 
after each successful 
comparison 
to 
establish 
a new elapsed 
timeout. 
An interrupt 
can also 
accompany 
a successful 
output 
compare 
provided 
the 
corresponding 
interrupt 
enable 
bit (OCIE) is set. 


After 
a processor 
write 
cycle 
to the output 
compare 
register 
containing 
the MSB ($16), the output 
compare 
function 
is inhibited 
until 
the LSB ($17) is also written. 


The user must write 
both bytes (locations) 
if the MSB is 
written 
first. 
A write 
made only to the LSB ($17) will 
not 
inl'>ibit the compare 
function. 
The free-running 
counter 
is 
updated 
every 
four 
internal 
bus clock cycles. 
The mini- 
mum 
time 
required 
to update 
the output 
compare 
reg- 
ister is a function 
of the program 
rather than the internal 
hardware. 
The processor 
can write 
to either 
byte 
of the output 
compare 
register 
without 
affecting 
the other 
byte. The 
output 
level (OLVL) bit is clocked to the output 
level reg- 
ister regardless 
of whether 
the output 
compare 
flag (OCF) 
is set or clear. 


INPUT 
CAPTURE 
REGISTER 


Two 
a-bit 
registers, 
which 
make 
up the 
16-bit 
input 
capture 
register, 
are read-only 
and are used to latch the 
value of the free-running 
counter 
after the corresponding 
input 
capture 
edge detector 
senses a defined 
transition. 
The level transition 
which 
triggers 
the counter 
transfer 
is 
defined 
by the corresponding 
input edge bit (IEDG). Reset 
does not affect the contents 
of the input capture 
register. 


The 
result 
obtained 
by an input 
capture 
will 
be one 
more 
than the value 
of the free-running 
counter 
on the 
rising 
edge of the 
internal 
bus clock 
preceding 
the ex- 
ternal 
transition. 
This delay 
is required 
for internal 
syn- 
chronization. 
Resolution 
is one count of the free-running 
counter, 
which 
is four 
internal 
bus clock cycles. 
The free-running 
counter 
contents 
are transferred 
to 
the input capture 
register 
on each proper signal transition 
regardless 
of whether 
the input 
capture 
flag (ICF) is set 
or clear. The input 
capture 
register 
always 
contains 
the 
free-running 
counter 
value that corresponds 
to the most 
recent input 
capture. 


After 
a read of the input 
capture 
register 
($14) MSB, 
the counter 
transfer 
is inhibited 
until the LSB ($15) is also 
read. This characteristic 
causes the time used in the input 
capture 
software 
routine 
and its interaction 
with the main 
program 
to determine 
the minimum 
pulse period. 


A read of the input capture 
register 
LSB ($15) does not 
inhibit 
the free-running 
counter 
transfer 
since they occur 
on opposite 
edges of the internal 
bus clock. 


TIMER 
CONTROL 
REGISTER 
ITCR) $12 


The TCR is a read/write 
register 
containing 
five control 
bits. Three bits control 
interrupts 
associated with the timer 
status 
register 
flags 
ICF, OCF, and TOF. 


3 


ICIE - 
Input Capture 
Interrupt 
Enable 
1= Interrupt 
enabled 
0= Interrupt 
disabled 
OCIE - 
Output 
Compare 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
TOlE - 
Timer 
Overflow 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
IEDG - 
Input Edge 
Value of input 
edge determines 
which 
level transition 
on TCAP pin will trigger 
free-running 
counter 
transfer 
to the input capture 
register 
1 = Positive 
edge 
0= Negative 
edge 
Reset does not affect te IEDG bit (U = unaffected). 
OLVL - 
Output 
Level 
Value of output 
level is clocked 
into output 
level reg- 
ister 
by the next successful 
output 
compare 
and will 
appear 
on the TCMP pin 
1 = High output 
0= Low output 
Bits 2, 3, and 4 - 
Not used 
Always 
read zero 


TIMER 
STATUS 
REGISTER 
(TSR) $13 


The TSR is a read-only 
register 
containing 
three status 
flag bits. 


u 
u 


ICF - 
Input Capture 
Flag 
1= Flag set when 
selected 
polarity 
edge is sensed by 
input 
capture 
edge detector 
0= Flag cleared when TSR and input capture 
low reg- 
ister ($15) are accessed 
OCF - 
Output 
Compare 
Flag 
1 = Flag set when 
output 
compare 
register 
contents 
match 
the free-running 
counter 
contents 
0= Flag cleared 
when 
TSR and output 
compare 
low 
register 
($17) are accessed 
TOF - 
Timer 
Overflow 
Flag 
1= Flag set when free-running 
counter 
transition 
from 
$FFFF to $0000 occurs 
0= Flag cleared 
when 
TSR and counter 
low register 
($19) are accessed 
Bits 0-4 - 
Not used 
Always 
read zero 


I 
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Accessing 
the 
timer 
status 
register 
satisfies 
the 
first 
condition 
required 
to clear status bits. The remaining 
step 
is to access the register 
corresponding 
to the status 
bit. 


A problem 
can occur 
when 
using 
the timer 
overflow 
function 
and reading 
the free-running 
counter 
at random 
times to measure 
an elapsed time. Without 
incorporating 
the proper 
precautions 
into software, 
the timer 
overflow 
flag could 
unintentionally 
be cleared 
if: 


1) The timer 
status 
register 
is read or written 
when 
TOF is set, and 
2) The LSB of the free-running 
counter 
is read but not 
for the purpose 
of servicing 
the flag. 


The counter 
alternate 
register 
at address 
$1A and $1 B 
contains 
the same value 
as the free-running 
counter 
(at 
address 
$18 and $19); 
therefore, 
this 
alternate 
register 
can be read at any time 
without 
affecting 
the timer 
ov- 


erflow 
flag 
in the timer 
status 
register. 


TIMER 
DURING 
WAIT 
MODE 


The CPU clock 
halts 
during 
the WAIT 
mode, 
but the 


timer 
remains 
active. An interrupt 
from 
the timer 
causes 
the processor 
to exit the WAIT mode. 


TIMER 
DURING 
STOP MODE 


In the STOP mode, the timer 
stops counting 
and holds 


the last count 
value 
if STOP is exited 
by an interrupt. 
If 
RESET is used. 
the 
counter 
is forced 
to $FFFC. During 
STOP, if at least one valid 
input 
capture 
edge occurs 
at 
the TCAP pin, the input 
capture 
detect 
circuit 
is armed. 


This does not set any timer 
flags 
nor wake up the MCU, 


but when the MCU does wake up, there is an active input 
capture 
flag 
and data from 
the first 
valid 
edge that 
oc- 
curred 
during 
the STOP mode. 
If RESET is used to exit 
STOP mode, 
then 
no input 
capture 
flag or data remains, 


even if a valid 
input 
capture 
edge occurred. 


A full-duplex 
asynchronous 
SCI is provided 
with 
a 
standard 
NRZ format 
and a variety 
of baud rates. The SCI 
transmitter 
and receiver 
are functionally 
independent 
but 
use the same data format 
and baud rate. The terms 
baud 
and bit rate are used synonymously 
in the following 
de- 
scription. 


SCI TWO-WIRE 
SYSTEM 
FEATURES 


• 
Standard 
NRZ (mark/space) 
format 


• 
Advanced 
error detection 
method 
includes 
noise de- 


tection 
for noise duration 
of up to one-sixteenth 
bit 
time 
• 
Full-duplex 
operation 
(simultaneous 
transmit 
and re- 


ceive) 
• 
Software 
programmable 
for one of 32 different 
baud 
rates 
• 
Software-selectable 
word 
length 
(eight- 
or nine-bit 
words) 
• 
Separate 
transmitter 
and receiver 
enable 
bits 


• 
SCI may be interrupt 
driven 
• 
Four separate 
interrupt 
conditions 


SCI RECEIVER FEATURES 


• 
Receiver wake-up 
function 
(idle or address 
bit) 


• 
Idle line detect 
• 
Framing 
error 
detect 
• 
Noise detect 
• 
Overrun 
detect 
• 
Receiver 
data register 
full flag 


SCI TRANSMITIER 
FEATURES 


• 
Transmit 
data register 
empty 
flag 


• 
Transmit 
complete 
flag 
• 
Break send 


Any SCI two-wire 
system 
requires 
receive data in (ROI) 
and transmit 
data out (TOO). 


DATA FORMAT 


Receive data in (ROI) or transmit 
data out (TOO) is the 


serial data presented 
between 
the internal 
data bus and 
the output 
pin (TOO) and between 
the input pin (ROil and 
the 
internal 
data 
bus. Data format 
is as shown 
for the 


NRZ in Figure 
12. 


WAKE-UP 
FEATURE 


In a typical 
multiprocessor 
configuration, 
the software 


protocol 
will 
usually 
identify 
the addressee(s) 
at the be- 


ginning 
of the message. 
To permit 
uninterested 
MPUs to 


ignore 
the remainder 
of the message, 
a wake-up 
feature 


is included, 
whereby 
all further 
SCI receiver 
flag 
(and 
interrupt) 
processing 
can be inhibited 
until 
its data line 


returns 
to the idle state. An SCI receiver 
is re-enabled 
by 
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an idle string 
of at least ten (or eleven) consecutive 
ones. 


Software 
forthe 
transmitter 
must provide 
forthe 
required 
idle string 
between 
consecutive 
messages 
and prevent 


it from 
occurring 
within 
messages. 
A second wake-up 
method 
is available 
in which 
sleep- 


ing SCI receivers 
can be awakened 
by a logic one in the 
high-order 
bit of a received 
character. 


RECEIVE DATA IN 


Receive 
data 
in (ROI) is the serial 
data which 
is pre- 


sented from 
the input 
pin via the SCI to the receive data 
register 
(ROR). While 
waiting 
for a start bit, the receiver 
samples 
the input 
at a rate 16 times 
higher 
than the set 


baud 
rate. This 
increased 
rate is referred 
to as the 
RT 
rate. When the input (idle) line is detected 
low, it is tested 
for three more sample times. 
If at least two of these three 


samples 
detect 
a logic 
low, a valid 
start 
bit is assumed 
to be detected. 
If in two or more samples, 
a logic high is 
detected, 
the line is assumed 
to be idle. The receive clock 


generator 
is controlled 
by the baud rate register 
(see Fig- 
ure 13); however, 
the SCI is synchronized 
by the start bit 
independent 
of the transmitter. 
Once a valid 
start bit is 


detected, 
the start bit, each data bit, and the stop bit are 
each sampled 
three 
times. 
The value 
of the bit is deter- 


mined 
by voting 
logic, which takes the value of a majority 


of samples. 
A noise flag is set when 
all three samples 
on 


a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification 
samples 
do not 


agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


If there has been a framing 
error (FE) without 
detection 


of a break (10 zeros for 8-bit format 
or 11 zeros for a 9- 
bit format). 
the circuit 
continues 
to operate 
as if there 
actually 
were a stop bit, and the start edge will be placed 


artificially. 
The last bit received 
in the data shift register 
is inverted 
to a logic 
one, and the three 
logic-one 
start 


qualifiers 
are forced 
into the sample 
shift register 
during 
the interval 
when 
detection 
of a start bit is anticipated; 
therefore, 
the start bit will 
be accepted 
no sooner 
than it 


is anticipated. 


If the 
receiver 
detects 
that 
a break 
(RORF = 1, FE= 1, 


receiver 
data register=$OO) 
produced 
the framing 
error, 
the start 
bit will 
not be artificially 
induced, 
and the re- 


ceiver 
must actually 
receive a logic one before 
start. 


TRANSMIT 
DATA OUT 


Transmit 
data out 
(TOO) is the serial 
data presented 
from 
the transmit 
data register 
(TOR) via the SCI to the 
output 
pin. The transmitter 
generates 
a bit time 
by using 


a derivative 
of the 
RT clock, 
producing 
a transmission 


rate equal 
to one-sixteenth 
that 
of the receiver 
sample 
clock. 


FUNCTIONAL 
DESCRIPTION 


A block diagram 
of the SCI is shown 
in Figure 
13. The 


user has option 
bits in the serial communications 
control 
register 
1 (SCCR1) to determine 
the SCI wake-up 
method 


and 
data 
word 
length. 
Serial 
communications 
control 


register 
2 (SCCR2) provides 
control 
bits that individually 


enable/disable 
the transmitter 
or receiver, enable system 


interrupts, 
and provide 
wake-up 
enable, 
and send break 
code bits. The baud 
rate register 
bits allow 
the user to 
select 
different 
baud 
rates, which 
are used as the 
rate 
control 
for the transmitter 
and receiver. 


Data transmission 
is initiated 
by a write 
to the serial 
communications 
data 
register 
(SCOAT). 
Provided 
the 
transmitter 
is enabled, 
data stored 
in the SCOAT is trans- 
ferred to the transmit 
data shift register. This data transfer 
sets the SCI status register 
(SCSR) transmit 
data register 
empty 
(TORE) bit and generates 
an interrupt 
if the trans- 


mit interrupt 
is enabled. 
Data transfer 
to the transmit 
data 
shift 
register 
is synchronized 
with 
the bit rate clock. All 
data is transmitted 
LSB first. 
Upon 
completion 
of data 
transmission, 
the transmission 
complete 
(TC) bit is set 


(provided 
no pending 
data, 
preamble, 
or break code 
is 
sent). and an interrupt 
is generated 
if the transmit 
com- 


plete interrupt 
is enabled. 
If the transmitter 
is disabled, 
and the data, preamble, 
or break code has been sent, the 
TC bit will 
also be set, which 
will 
also generate 
an inter- 
rupt if the TCIE bit is set. If the transmitter 
is disabled 
in 
the middle 
of a transmission, 
that character 
will 
be com- 
pleted before the transmitter 
gives up control 
of the TOO 
pin. 


When the SCOAT is read, it contains 
the last data byte 
received, 
provided 
that the receiver 
is enabled. 
The SCSR 
receive data register 
full (RORF) bit is set to indicate 
that 
a data byte is transferred 
from 
the input 
serial shift 
reg- 


ister to the SCOAT, which 
can cause an interrupt 
if the 
receiver 
interrupt 
is enabled. 
Data transfer 
from the input 


serial shift 
register 
to the SCOAT is synchronized 
by the 


receiver 
bit rate clock. The SCSR overrun 
(OR). noise flag 


(NF). or FE bits are set if data reception 
errors 
occur. 


An idle line interrupt 
is generated 
if the idle line inter- 
rupt is enabled 
and the SCSR IDLE bit (which 
detects idle 
line transmission) 
is set. This allows 
a receiver that is not 
in the wake-up 
mode to detect the end of a message, 
the 
preamble 
of a new 
message, 
or to 
resynchronize 
with 
the transmitter. 
A valid character 
must be received 
before 


the idle line condition 
for the IDLE bit to be set and for 


an idle line interrupt 
to be generated. 


REGISTERS 


There 
are five 
registers 
used 
in the SCI; the internal 


configuration 
of these 
registers 
is discussed 
in the fol- 


lowing 
paragraphs. 


Serial Communications 
Data Register 
(SCDAT) $11 


The SCOAT is a read/write 
register 
used to receive and 
transmit 
SCI data. 


1 
6 
5 


I 


As shown 
in Figure 
13, SCOAT functions 
as two 
sep- 
arate registers. 
The transmit 
data register 
(TOR) provides 
the parallel 
interface 
from 
the 
internal 
data 
bus to the 
transmit 
shift 
register. 
The receive 
data 
register 
(ROR) 


provides 
the interface 
from 
the receive 
shift 
register 
to 
the internal 
data bus. 
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RE 


SBK 
PDO RDI 
RWU 


Wake 
Up 
Unit 


SOF 


SCCR2 


TIE 


TCIE 


Internal 


Processor 


Clock 


NOTE: 
The Serial 
Communications 
Data 
Register 
I SCDA TI IS controlled 
by the Internal 
R/W 
Signal. 
It IS the transmit 
data register 
when 


written 
and 
receive 
data 
register 
when 
read. 
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Serial 
Communications 
Control 
Register 
1 (SCCR1) $OE 


The SCCR1 provides 
control 
bits that determine 
word 


length 
and select the wake-up 
method. 


R8 - 
Receive 
Data Bit 8 
R8 bit provides 
storage 
location 
for the ninth 
bit in the 
receive 
data byte (if M = 1). 


T8 - 
Transmit 
Data Bit 8 


T8 bit provides 
storage 
location 
for the ninth 
bit in the 


transmit 
data byte (if M = 1). 


M - 
SCI Character 
Word 
Length 


1 = one start bit, nine data bits, one stop bit 
0= one start bit, eight 
data bits, one stop bit 
WAKE - 
Wake-Up 
Select 


Wake bit selects the receiver 
wake-up 
method. 


1 = Address 
bit (most significant 
bitl 
0= Idle line condition 


Bits 0-2, 
and 5 - 
Not used 
Can read either 
one or zero 


The address 
bit is dependent 
on both the wake-bit 
and 
the 
M-bit 
level. 
Additionally, 
the 
receiver 
does 
not use 
the wake-up 
feature 
unless the RWU control 
bit in SCCR2 
is set. 


Wake 
M 
Receiver Wake-Up 


0 
X 
Detection of an idle line allows the next data 


byte received 
to cause the receive 
data 
reg· 
ister to fill and produce an RDRF flag. 


1 
0 
Detection of a received one in the eighth 
data bit allows an RDRFflag and associated 
error flags. 


1 
1 
Detection 
of a received 
one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 


Serial 
Communications 
Control 
Register 
2 (SCCR2) $OF 


The SCCR2 provides 
con"rel 
of individual 
SCI functions 
such 
as interrupts, 
transmit/receive 
enabling, 
receiver 


wake-up, 
and break code. 


TIE - 
Transmit 
Interrupt 
Enable 
1 = SCI interrupt 
enabled 


0= TDRE interrupt 
disabled 


TCiE - 
Transmit 
Complete 
Interrupt 
Enable 


1 = SCI interrupt 
enabled 
0= TC interrupt 
disabled 


RIE - 
Receive Interrupt 
Enable 
1 = SCI interrupt 
enabled 
0= RDRF and OR interrupts 
disabled 


ILiE - 
Idle Line Interrupt 
Enable 
1 = SCI interrupt 
enabled 
0= Idle interrupt 
disabled 
TE - 
Transmit 
Enable 


1 = Transmit 
shift register 
output 
is applied 
to the TDO 
line. Depending 
upon the SCCR1 M bit, a pream- 


ble of 10 (M = 0) or 11 (M = 1) consecutive 
ones is 
transmitted. 
0= Transmitter 
disabled 
after 
last byte 
is loaded 
in 
the 
SCDAT 
and 
TDRE is set. 
After 
last 
byte 
is 
transmitted, 
TDO line becomes 
a high-impedance 


line. 


RE - 
Receive Enable 
1= Receiver 
shift 
register 
input 
is applied 
to the RDI 
line. 
0= Receiver 
disabled 
and RDRF, IDLE, OR, NF, and 
FE status 
bits are inhibited. 


RWU - 
Receiver 
Wake-Up 
1= Places receiver 
in sleep mode and enables 
wake- 


up function 


O=Wake-up 
function 
disabled 
after 
receiving 
data 


word 
with 
MSB set (if WAKE = 1) 


Wake-up 
function 
also disabled 
after receiving 
10 
(M =0) or 11 (M = 1) consecutive 
ones (if WAKE =0) 
SBK - 
Send Break 


1= Transmitter 
continually 
sends blocks of zeros (sets 


of 
10 or 
11) until 
cleared. 
Upon 
completion 
of 


break code, transmitter 
sends one high bit for rec- 
ognition 
of valid 
start bit. 


0= Transmitter 
sends 
10 (M = 0) or 11 (M = 1) zeros 
then reverts 
to an idle state or continues 
sending 


data. If transmitter 
is empty 
and idle, setting 
and 


clearing 
the SBK bit may queue 
up to two 
char- 


acter times 
of break because the first break trans- 
fers 
immediately 
to 
the 
shift 
register, 
and 
the 


second is queued 
into the parallel 
transmit 
buffer. 


Serial Communications 
Status 
Register 
(SCSR) $10 


The 
SCSR provides 
inputs 
to the 
SCI interrupt 
logic 


circuits. 
Noise flag 
and framing 
error 
bits are also con- 
tained 
in the SCSR. 


7 


RESET 


1 
0 
0 
0 


TDRE - 
Transmit 
Data Register 
(TDR) Empty 


1 = TDR contents 
transferred 
to the transmit 
data shift 
register 


0= TDR still contains 
data. TDRE is cleared by reading 
the SCSR (with 
TDRE = 11. followed 
by a write 
to 


the TDR. 


TC - 
Transmit 
Complete 
1 = Indicates 
end of data frame, 
preamble, 
or break 


condition 
has occurred 
0= TC bit cleared 
by reading 
the SCSR (with 
TC = 11. 


followed 
by a write 
to the TDR 


• 
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RDRF - 
Receive 
Data Register 
(RDR) Full 
1 = Receive 
data shift 
register 
contents 
transferred 
to 
the 
RDR 
0= Receive 
data shift 
register 
transfer 
did not occur. 
RDRF 
is cleared 
by 
reading 
the 
SCSR 
(with 
RDRF = 1) followed 
by a read of the RDR 
IDLE - 
Idle Line Detect 
1 = Indicates 
receiver 
has detected 
an idle 
line 
0= IDLE is cleared 
by reading 
the SCSR (with 
IDLE = 1), 


followed 
by 
a read 
of 
the 
RDR. 
Once 
IDLE 
is 
cleared, 
IDLE cannot 
be set until 
RDIline 
becomes 
active 
and 
idle again. 
OR - 
Overrun 
Error 
1 = Indicates 
receive 
data shift 
register 
data is sent to 
a full 
RDR (RDRF = 1). Data 
causing 
the 
overrun 
is lost, 
and 
RDR data 
is not disturbed. 


0= OR is cleared 
by reading 
the SCSR (with 
OR = 1), 
followed 
by a read of the RDR. 
NF - 
Noise 
Flag 
1 = Indicates 
noise 
is present 
on the 
receive 
bits, 
in- 
cluding 
the start 
and stop 
bits. 
NF is not set until 
RDRF=l. 


O=NF 
is c1eared.by 
reading 
the SCSR (with 
NF=l), 
followed 
by a read of the RDA. 


FE - 
Framing 
Error 
1 = Indicates 
stop 
bit 
not 
detected 
in received 
data 
character. 
FE is set the same 
time 
RDRF is set. If 
received 
byte 
causes 
both 
framing 
and 
overrun 
errors, 
processor 
will 
only 
recognize 
the overrun 
error. 
Further 
data transfer 
into the RDR is inhib- 
ited 
until 
FE is cleared. 


0= NF is cleared 
by reading 
the SCSR (with 
FE = 1). 


followed 
by a read of the RDA. 


Bit 0 - 
Not 
used 
Can read either 
one or zero 


Baud 
Rate Register 
$00 


The baud 
rate register 
is used 
to select 
the SCI trans- 
mitter 
and receiver 
baud 
rate. SCPO and SCP1 prescaler 
bits are used in conjunction 
with 
the SCRO through 
SCR2 
baud rate bits to provide 
multiple 
baud rate combinations 
for a given 
crystal 
frequency. 
Bits 3, 6, and 7 always 
read 
zero. 


o 
0 
U 
U 
U 


SCPO - 
SCI Prescaler 
Bit 0 
SCP1 - 
SCI Prescaler 
Bit 1 
Two 
prescaler 
bits are used to increase 
the range 
of 
standard 
baud 
rates 
controlled 
by the 
SCRD--SCR2 
bits. 
Prescaler 
internal 
processor 
clock 
division 
ver- 
sus bit levels 
are listed 
in Table 
2. 


SCRO - 
SCI Baud 
Rate Bit 0 
SCR1 - 
SCI Baud 
Rate Bit 1 
SCR2 - 
SCI Baud 
Rate Bit 2 
Three 
baud 
rate bits are used to select the baud rates 
of the 
SCI transmitter 
and 
SCI receiver. 
Baud 
rates 
versus 
bit levels 
are listed 
in Table 
3. 


Tables 
3 and 4 tabulate 
the divide 
chain 
used to obtain 
the 
baud 
rate 
clock 
(transmit 
clock). 
The actual 
divider 
chain is controlled 
by the combined 
SCPO-SCP1 and SCRO- 
SCR2 bits 
in the 
baud 
rate register. 
All divided 
frequen- 
cies 
shown 
in Table 
3 represent 
the final 
baud 
rate 
re- 
sulting 
from 
the internal 
processor 
clock 
division 
shown 
in the 
divided-by 
column 
only 
(prescaler 
division 
only). 


Table 
4 lists 
the 
prescaler 
output 
divided 
by the 
action 
of the SCI select 
bits (SCRO-SCR2). 
For example, 
assume 
that 
a 9600-Hz 
baud 
rate is required 
with 
a 2.4576-MHz 


SCP Bit 
Clock" 
Crystal Frequency MHz 


1 
0 
Divided By 
4.194304 
4.0 
2.4576 
2.0 
1.8432 


0 
0 
1 
131.072 kHz 
125.000 kHz 
76.80 
kHz 
6~.50 
kHz 
57.60 kHz 
0 
1 
3 
43.691 kHz 
41.666 kHz 
25.60 
kHz 
20.833 kHz 
19.20 kHz 
1 
0 
4 
32.768 kHz 
31.250 kHz 
19.20 
kHz 
15.625 kHz 
14.40 kHz 
1 
1 
13 
10.082 kHz 
9600 Hz 
5.907 kHz 
4800 Hz 
4430 Hz 


"Refers to the internal processor clock. 
NOTE: The divided 
frequencies 
shown 
in Table 3 represent 
baud rates which 
are the highest transmit 
baud rate (Txl that can be 
obtained 
by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division 
using the SCI rate select bits as shown below for some representative 
prescaler outputs. 


SCR Bits 
Divided 
Representative 
Highest Presealer Baud Rate Output 


2 
1 
0 
By 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 


0 
0 
0 
1 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 
0 
0 
1 
2 
65.536 kHz 
16.384 kHz 
38.40 kHz 
9600 Hz 
4800 Hz 
0 
1 
0 
4 
32.768 kHz 
8.192 kHz 
19.20 kHz 
4800 Hz 
2400 Hz 
0 
1 
1 
8 
16.384 kHz 
4.096 kHz 
9600 Hz 
2400 Hz 
1200 Hz 
1 
0 
0 
16 
8.192 kHz 
2.048 kHz 
4800 Hz 
1200 Hz 
600 Hz 
1 
0 
1 
32 
4.096 kHz 
1.024 kHz 
2400 Hz 
600 Hz 
300 Hz 
1 
1 
0 
64 
2.048 kHz 
512 Hz 
1200 Hz 
300 Hz 
150 Hz 
, 
1 
1 
128 
1.024 kHz 
256 Hz 
600 Hz 
150 Hz 
75 Hz 


NOTE: Table 4 illustrates 
how the SCI select bits can be used to provide lower transmitter 
baud rates by further dividing 
the prescaler 
output frequency. 
The five examples 
are only representative 
samples. In all cases, the baud rates shown are transmit 
baud 
rates (transmit clock). and the receive clock is 16 times higher in frequency than the actual baud rate. 
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external 
crystal. 
In this 
case, the 
prescaler 
bits 
(SCPO- 
SCP1) could 
be configured 
as a divide-by-one 
or a divide- 


by-four. 
If a divide-by-four 
prescaler 
is used, then 
the 


SCRO-SCR2 bits must 
be configured 
as a divide-by-two. 
Using 
the same 
crystal, 
the 9600 baud 
rate can be ob- 


tained 
with a prescaler 
divide-by-one 
and the SCRO-SCR2 
bits configured 
for a divide-by-eight. 


The serial peripheral 
interface 
(SPI) is an interface 
built 
into the MCU which 
allows 
several 
MCUs or MCUs plus 


peripherals 
to be interconnected 
within 
the same 
black 


box. 
In the 
SPI format, 
the clock 
is not included 
in the 
data stream 
and must be furnished 
as a separate 
signal. 


An SPI system 
may consist 
of one master 
MCU and sev- 


eral slaves (Figure 
14) or MCUs that can be either masters 
or slaves. 


Features: 


• 
Full-duplex, 
three-wire 
synchronous 
transfers 


• 
Master 
or slave operation 
• 
1.05 MHz (maximum) 
master 
bit frequency 


• 
2.1 MHz (maximum) 
slave bit frequency 


• 
Four programmable 
master 
bit rates 


• 
Programmable 
clock polarity 
and phase 


• 
End-of-transmission 
interrupt 
flag 


• 
Write 
collision 
flag protection 
• 
Master-master 
mode fault 
protection 
capability 


SIGNAL 
DESCRIPTION 


The four 
basic signals 
(MOSI, MISO, SCK, and SS) are 


described 
in the following 
paragraphs. 
Each signal func- 


tion 
is described 
for both master 
and slave mode. 


Master 
Out, Slave In 


The master 
out, slave 
in (MOSI) 
line is configured 
as 
an output 
in a master 
device 
and as an input 
in a slave 


MISO 
MOSI 


SCK 


55 


p 
() 


o 
1 


R 
2 


T 
3 


device. 
The MOSI 
line 
is one of two 
lines that 
transfer 
serial data in one direction 
with 
the most significant 
bit 


sent first. 


Master 
In, Slave Out 


The master 
in, slave 
out (MISO) 
line is configured 
as 
an input 
in a master 
device 
and as an output 
in a slave 


device. 
The MISO is one of two 
lines that transfer 
serial 
data 
in one direction 
with 
the 
most 
significant 
bit sent 
first. The MISO line of a slave device 
is placed 
in a high- 


impedance 
state if slave is not selected 
(SS = 1). 


Serial Clock 


The serial clock (SCK) is used to synchronize 
both dat~ 


in and out of a device 
via the MOSI and MISO lines. The 


master 
and slave devices 
can exchange 
a byte of infor- 


mation 
during 
a sequence 
of eight 
clock 
cycles. 
Since 


SCK is generated 
by the master 
device, this line becomes 
an input 
on a slave device. 
As shown 
in Figure 
15, four 
possible 
timing 
relation- 


ships 
may 
be chosen 
by using 
control 
bits 
CPOL and 


CPHA in the serial peripheral 
control 
register 
(SPCR). Both 


master 
and slave 
devices 
must 
operate 
with 
the 
same 
timing. 


Two 
bits (SPRO and SPR1) in the SPCR of the master 
device 
select the clock rate. In a slave device, 
SPRO and 
SPR1 have no effect on SPI operation. 


Slave Select 


The slave select (SS) input 
line selects a slave device. 


The SS line must 
be low 
prior 
to data transactions 
and 
must stay low for the duration 
of the transaction. 
The SS 
line on the master 
must 
be tied high; 
if the SS line goes 
low, 
a mode 
fault 
error 
flag 
(MODF) 
is set in the serial 
peripheral 
status 
register 
(SPSR). 
When 
CPHA = 0, the 
shift 
clock 
is the 
OR of SS with 


SCK. In this clock phase mode, SS must go high between 
successive 
characters 
in an SPI message. When CPHA = 1, 


SS must 
go high 
between 
successive 
characters 
in an 
• 
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SPI message. 
When 
CPHA = 1, SS may 
be left 
low 
for 


several 
SPI characters. 
In cases where 
there 
is only 
one 


SPI slave 
MCU, the slave 
MCU SS line could 
be tied to 


VSS as long as CPHA= 
1 clock modes 
are used. 


A block diagram 
of the SPI is shown 
in Figure 
16. In a 
master 
configuration, 
the CPU sends a signal to the mas- 


ter start logic, which 
originates 
an SPI clock (SCK) based 
on the internal 
processor 
clock. As a master 
device, 
data 


is parallel 
loaded 
into 
the 
8-bit 
shift 
register 
from 
the 


internal 
bus during 
a write 
cycle and then serially 
shifted 


via the MaSI 
pin to the slave devices. 
During 
a read cycle, 


data is applied 
serially 
from 
a slave device via the MISa 
pin to the 8-bit shift 
register. 
Data is then 
parallel 
trans- 


ferred 
to the 
read buffer 
and made 
available 
to the 
in- 


ternal 
data bus during 
a CPU read cycle. 


Internal 


Processor 


Clock 


In a slave configuration, 
the slave start 
logic 
receives 
a logic 
low 
at the SS pin and a clock 
input 
at the SCK 


pin. This 
synchronizes 
the slave 
with 
the 
master. 
Data 


from the master 
is received 
serially 
at the slave MaSI 
pin 
and shifted 
into the 8-bit shift register 
for a parallel 
trans- 


fer to the read buffer. 
During 
a write cycle, data is parallel 
loaded 
into the 8-bit shift 
register 
from 
the internal 
data 
bus, awaiting 
the clocks from 
the master 
to shift out se- 


rially to the MISa 
pin and then to the master 
device. 


Figure 
17 illustrates 
the 
MaSI, 
MISa, 
SCK, and 
SS 


master-slave 
interconnections. 


REGISTERS 


There are three registers 
in the SPI that provide 
control, 
status, 
and data storage 
functions. 
These 
registers, 
the 


serial peripheral 
control 
register 
(SPCR), serial peripheral 


status register 
(SPSR), and serial peripheral 
data 1,0 reg- 


ister (SPDR), are described 
in the following 
paragraphs. 


Internal 


Data 
Bus 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-838 


I 
I 
I 
J 
I 
, 


I MISO 
MISO, 


I 
I MOSI 


I 
I 


I 
, 


I 
I 


I SCK 
SCK' 


I 
I 
'55 
551 


I 
+5V 
OV -----, 


Serial 
Peripheral 
Control 
Register 
$OA 


The SPCR provides 
control 
of individual 
SPI functions 
such as interrupt 
and system 
enabling/disabling, 
master/ 


slave mode 
select, and clock polarity/phase/rate 
select. 


76543210 


SPIE - 
Serial 
Peripheral 
Interrupt 
Enable 
1= SPI interrupt 
enabled 
0= SPI interrupt 
disabled 
SPE - 
Serial 
Peripheral 
System 
Enable 
1 = SPI system 
on 


0= SPI system 
off 
MSTR - 
Master 
Mode 
Select 
1 = Master 
mode 
0= Slave mode 
CPOL - 
Clock Polarity 
Clock polarity 
bit controls 
the clock value 
and is used 
in conjunction 
with 
the clock phase (CPHA) bit. 


1 = SCK line idles high 
0= SCK line idles in low state 
CPHA - 
Clock Phase 
Clock 
phase 
bit along 
with 
CPOL controls 
the 
c1ock- 
data 
relationship 
between 
the 
master 
and 
slave 
de- 
vices.j:J'OL 
selects one of two clocking 
protocols. 
1 = SS is an output 
enable 
control. 


0= Shift 
clock is the OR of SCK with 
SS. 
When 
SS is low, first 
edge 
of SCK invokes 
first 
data sample. 


SPRO, SPR1 - 
SPI Clock Rate Bits 


Two clock rate bits are used to select one of four clock 
rates 
to be used 
as SCK in the 
master 
mode. 
In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection 
is shown 
in the following 
table. 


Bit 5 - Not used 
Can read either 
one or zero 


SPRl 
SPRO 
Internal 
Processor 
Clock Divided 
By 


0 
0 
2 
0 
1 
4 
1 
0 
16 
1 
1 
32 


Serial 
Peripheral 
Status 
Register 
$OB 


The SPSR contains 
three 
status 
bits. 


7 
6 
5 
4 
3 


SPIF 
3 


RESET: 


000 


SPIF - 
Serial 
Peripheral 
Data Transfer 
Flag 


1= Indicates 
data transfer 
completed 
between 
pro- 


cessor and external 
device. 


(If SPIF = 1 and 
SPIE = 1, SPI interrupt 
is ena- 


bled.) 
0= Clearing 
is accomplished 
by reading SPSR (with 


SPIF = 1) followed 
by SPDR access. 


WCOL - 
Write 
Collision 


1= Indicates 
an attempt 
is made to write 
to SPDR 


while 
data transfer 
is in process. 
0= Clearing is accomplished 
by reading SPSR (with 
WCOL = 11, followed 
by SPDR access. 


MODF - 
Mode 
Fault Flag 


1= Indicates 
multi-master 
system 
control 
conflict. 


0= Clearing 
is accomplished 
by reading SPSR (with 
MODF = 1), followed 
by a write 
to the SPCR. 
Bits 0-3, and 5 - 
Not used 
Can read either 
zero or one 


Serial 
Peripheral 
Data I/O Register 
$OC 


The SPDR is a read/write 
register 
used to receive 
and 
transmit 
SPI data. 


7 


RESET: 


U 
U 
U 
U 
U 
U 
U 
U 


A write 
to the SPDR places data directly 
into the shift 
register 
for transmission. 
Only a write 
to this register 
will 
initiate 
transmission/reception 
of another 
byte and will 
only 
occur 
in the master 
device. 
On completion 
of byte 
transmission, 
the SPIF status bit is set in both master 
and 
slave devices. 


A read to the SPDR causes the buffer 
to be read. The 
first SPIF status bit must be cleared 
by the time a second 
data transfer 
from 
the 
shift 
register 
to the 
read 
buffer 


begins, or an overrun 
condition 
will exist. In overrun 
cases, 


the byte causing 
the overrun 
is lost. 
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The MCU has a set of 62 basic instructions. 
They can 
be divided 
into five different 
types: register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


This 
MCU 
uses 
all 
the 
instructions 
available 
in the 


M146805 
CMOS 
Family 
plus 
one 
more: 
the 
unsigned 
multiply 
(MUL) 
instruction. 
This 
instruction 
allows 
un- 


signed 
multiplication 
of the contents 
of the accumulator 
(A) and the index 
register 
(X). The high-order 
product 
is 


then stored 
in the index register, 
and the low-order 
prod- 


uct is stored 
in the accumulator. 
A detailed 
definition 
of 


the MUL instruction 
is shown 
below. 


Operation 
X:A X"A 


Description 
Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit 
unsigned 
number 
in the concatenated 


accumulator 
and 
index 
register 


Condition 
H: Cleared 


Codes 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 


Source 
MUL 


Form!s) 
Addressing 
I 


Mode 
Cycles I 
Bytes I Opcode 


Inherent 
11 
1 
$42 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these 
instructions 
use two operands. 
One op- 


erand is either the accumulator 
or the index register. 
The 


other operand 
is obtained 
from 
memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JsR) 
instructions 
have 
no register 


operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 


ister, modify 
or test its contents, 
and write 
the modified 
value 
back to 
memory 
or to the 
register. 
The test 
for 


negative 
or zero (TsT) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since it does not modify 
the 


value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (Twos Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic Shift Right 
ASR 


Test for Negative or Zero 
TST 


Multiply 
MUL 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 


tion is met; otherwise, 
no or;eration 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer to the fol- 


lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch 
Never 
BRN 


Branch if Higher 
BHI 


Branch 
if Lower 
or Same 
BLS 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
BHS 


Branch if Carry Set 
BCS 


Branch if Lower 
BLO 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch 
if Minus 
BMI 


Branch if Interrupt Mask Bit is Clear 
BMC 


Branch if Interrupt Mask Bit is Set 
BMS 


Branch if Interrupt Line is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 
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BRANCH 
INSTRUCTIONS 


This 
set of instructions 
branches 
if a particular 
condi- 
tion 
is met; 
otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer 
to the 
fol- 
lowing 
list for 
branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
BHS 


Branch if Carry Set 
BCS 


Branch if Lower 
BLO 


Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt 
Line is Low 
BIL 


Branch if Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are 
register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 


gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 


instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software 
Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No·Operation 
NOP 


Stop 
STOP 


Wait 
WAIT 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable 
of setting 
or clearing 
any writable 
bit which 
resides 
in the 
first 
256 bytes 
of the 
memory 
space 
where 
all port 
registers, 
port 
DDRs, 
timer, 
timer 


control, 
ROM, 
and 
on-chip 
RAM 
reside. 
An 
additional 
feature 
allows 
the software 
to test and branch 
on the state 
of any bit within 
these 
256 locations. 
The bit set, bit clear 
and 
bit test, 
and 
branch 
functions 
are all 
implemented 
with 
a single 
instruction. 
For test and branch 
instructions, 


the value 
of the 
bit tested 
is also 
placed 
in the carry 
bit 
of the condition 
code 
register. 
Refer to the following 
list 
for bit manipulation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n In =0 . . . 7) 


Branch if Bit n is Clear 
BRCLR n (n = 0 . .. 7) 


Set Bit n 
BSET n (n = 0 .. . 7) 


Clear Bit n 
BCLR n (n=O . .. 7) 


OPCODE 
MAP SUMMARY 


Table 
5 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 


vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data tables, 
code 
con- 
version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 


ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions; 
the longest 
instructions 
(three 
bytes) 
permit 


accessing 
tables 
throughout 
memory. 
Short 
and long ab- 


solute 
addressing 
is also 
included. 
One- 
or two-byte 
di- 


rect addressing 
instructions 
access 
all data bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 


tions 
to reach 
all memory. 
The term 
"effective 
address" 
lEA) is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the 
address 
from 
which 
the 
argument 
for 
an 


instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 


tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access 
constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte 
following 
the 


opcode 
byte. Direct 
addressing 
allows 
the user to directly 
address 
the 
lowest 
256 
bytes 
in memory 
with 
a single 


two-byte 
instruction. 


• 
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IMM , 
0" 
J 
EXT 
l 
" 
'x, 
, 
'x 


BRSEJ/ 


J 
, 
J 
l 
6 
, 


AND 
J 
· 
· 
AND 
J 
O~ 
BSE~~, 
BCCRS' 
lS~TR 
lSRA 
LSRX 
LSR 
LSR 
AND 
AN~XT 
AND 
AND 
0;',., 
, 
IN" 
, 
'N" 
'" 
, 
" 


IMM 
-nlk 
" 
'" 
, 
" 
BACL:/') 
, 
l 
) 


BI1 
J 
· 
· 
BIT 
j 
S 
BCL~t. 
BCSRr, 
BIT, •.••., 
BlT 
rXT 
BIT 
Ill1 
BIT 
1111 
m~, 
, I 
n" 
" 
, 
l 
, 
l 
l 
6 
, 
, 
l 
· 
· 


l 


o~ 
BRSEJi 
BSE~1, 
BNER" 
RORn'R 
AQAA 
AQAX 
ROR 
ROR 
LOA 
LOA 
lO~"'T 
LOA 
LOA 
LDA 
6 
, 
, " , 
, " 
'" 
, 
" 
IMM 
0" 
l 
'x 
'" 
, 
'x 
01\0 


BACL:l 


l 
, 
l 
l 
6 
, 
) 


0,7'1 
BCL~~,.. 
BED", 
ASA 


01R 


A$RA 
A$RX 
ASR 
ASR 
1 AX 
ST~'R 
ST~XT 
STA 
STA 
STA 


nl~' 
, 
'N" 
, 
'N" 
'" 
, 
" 
, 
IN" 
'x 
'" 
, 
" 
BRSE!l 


J 
, 
J 
l 
6 
, 
) 


EOR 
' 
· 
· 
EOR 
J 
,~ 
8SE~~,.. 
B"C~H 
LSL 
01R 


LSLA 
L5lX 
LSL 
LSL 
ClC 
,NH 
EOR 
EOR 


EXT 


EOR 
EOR 
B 
, 
'N" 
, 
IN" 
'" 
, 
" 


'MM 
"0" 
'x 
'" 
, 
" 
'000 
, 
, 
l 
, 
J 
l 
6 
, 
) 
, 


AOC 
' 
· 
· 
AOe 
J 
1~' 


BACl:: 
BCL~~c 
BHC~FI 
AOL 
nlA 


AOLA 
AOLX 
ROL 
ROL 
SEC 
AOC 
ADC 
AOC 
AOC 
9 
, 
'N" 
, 
IN" 
'" 
, 
" 
, 
IN" , 
IMM , 
0" 
J 
EXT 
l 
,X) , 
'" , 
'x 
''''' 
BRSEJ,s' 
, 
l 
, 
J 
l 
6 
, 


ORA' 
A 
BSE1~c 
BPl 


Rrl 
DECnu:l 
OECA 
OECX 
OEC 
DEC 
CL1 
ORA 
ORA 
ORA 
ORA 
ORA 
A 


" 


, 
'N" 
, 
IN" 
'" 
" 
, 
IN" 
) 
'MM , 
0" 
J 
'XT 
J 
,X) , 
'x, 
, 
" 


1010 


BRCL:,s' 
, 
J 
ADO 
J 
ADO' 
B 
8Cl~~r 
BMIRS' 
SEI 
ADO 
AD~XT 
ADO 
ADO 
B 
,,, 
, 
IN" 
IMM 
01' 
l 
,X) , 
", 
, 
'x 
1011 


BRSEJ~' 
, 
J 
l 
6 
, 
, 
. 


lfm 
BSE~~c 
BM~" 
INC 
nlR 
INCA 
INCX 
INC 
'NC 
RSP 
, 
JMP 
JMP 
JMP 
JMP 
JMP 
C 
, 
IN" 
, 
'N" 
IX> 
, 
, 
, 
IN" 
0" 
'" 
l 
", , 
'" 
, 
'x 
"'" 
BRCL:?: 
. 
J 
l 
. 
1 
JSA 
':) 
D 
BCL~t· 
BMSR~' 
TST 


nlR 
TSTA 
TSTx 
TST 
TSI 
NOP 
BSR 
JSR 
JSR 
JSR 
JSR 
0 
", 
, 
'N" 
, 
'N" 
," , 
" 
, 
IN" 
'H , 
DIR 
l 
'" 
J 
", , 
,X> , 
IX 
1101 
, 
, 
l 
STOP' 
lOX 
J 
· 


LOX 
,J 
E 
BASEJl 
BSE~~I" 
Bll R~' 
LOX 
LOX 
LOX 
LDX 
E 


'" 
, 
IN" 
IMM 
) 
DIR 
l 
EX' 
IX 
'x, 
, 
'x 
1110 


BACLA7:l 
ClA 
:l 
J 
J 
6 
WAIT 
' 
) 


F 
BCLA7 
BIH 
ClAA 
ClAx 
CLR 
CLR 
lXA 
STX 
STX 
STX 
STX 
STX 
F 


1111 
J 
OT' , 
asc , 
'" , 
0" 
, 
IN" 
, 
IN" 
} 
'" 
, 
> 
, 
IN" 
, 
IN" 
) 
0" 
l 
,X' 
J 
", , 
,X> , 
" 


1111 


Inherent 
Accumulator 
Index Register 
Immediate 
DIrect 
Extended 
R.tive 
B,t Set/Clear 
Bit Test and Branch 
Indexed (No Offset) 
Indexed, 
1 Byte Ie-B,t! Offset 


Indexed, 2 BYTBI1&-B,tl Offset 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two bytes following 
the opcode 
byte. Instructions 
with 
extended 
addressing 
mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with a single three-byte 
instruction. 
When using 
the Motorola 
assembler, the user need not specify whether 
an instruction 
uses direct 
or extended 
addressing. 
The 
assembler 
automatically 
selects the shortest 
form of the 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 
instructions. 
In relative 
addressing, 
the contents 
of the 8- 
bit signed 
byte (the offset) following 
the opcode is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The 
span of relative 
addressing 
is from 
-126 
to + 129 from 
the opcode 
address. The programmer 
need not calculate 
the offset 
when 
using 
the Motorola 
assembler, 
since it 
calculates 
the proper 
offset 
and checks to see that it is 
within 
the span of the branch. 


INDEXED, 
NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 
address 
of the argument 
is contained 
in the 8-bit index 
register. 
This addressing 
mode 
can access the first 
256 
memory 
locations. 
These instructions 
are only one byte 
long. This mode is often used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or I/O location. 


INDEXED, 
8-BIT OFFSET 


In the 
indexed, 
B-bit offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 
B-bit index 
register 
and the unsigned 
byte following 
the 
opcode. 
The addressing 
mode is useful for selecting 
the 
Kth element 
in an n element 
table. 
With 
this two-byte 
instruction, 
K would 
typically 
be in X with the address of 
the 
beginning 
of the table 
in the 
instruction. 
As such, 
tables 
may begin anywhere 
within 
the first 256 address- 
able locations 
and could 
extend 
as far as location 
510 
($1 FE is the 
last location 
at which 
the instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
B-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This address 
mode can be used in a manner 
similar 
to indexed, 
B-bit offset except that this three-byte 
instruction 
allows 
tables to be anywhere 
in memory. 
As 
with 
direct 
and extended 
addressing, 
the 
Motorola 
as- 


sembler 
determines 
the 
shortest 
form 
of 
indexed 
ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode, 
and the byte followi:1g 
the opcode 
specifies 
the direct addressing 
of the byte in 
which 
the specified 
bit is to be set or cleared. 
Any read/ 


write 
bit in the first 
256 locations 
of memory, 
including 
I/O, can be selectively 
set or cleared 
with 
a single 
two- 


byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct addressing 
and relative 
addressing. 
The 
bit that is to be tested 
and its condition 
(set or clear). 
is 
included 
in the opcode. 
The address 
of the byte to be 
tested 
is in the 
single 
byte 
immediately 
following 
the 
opcode 
byte. The signed 
relative 
B-bit offset 
in the third 
byte is added to the PC if the specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the 
condition 
of any readable 
bit in the first 256 locations 
of 
memory. 
The span of branching 
is from 
- 125 to + 130 
from 
the opcode 
address. 
The state of the tested 
bit is 
also transferred 
to the 
carry 
bit of the 
condition 
code 
register. 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 


MOTOROLA 
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• 


For most applications 
PI 0 
PINT and can be neglected. 


The following 
is an approximate 
relationship 
between 
Po and TJ lif PI 0 is neglected): 


PO~K7(TJ+273 
C) 
(21 


Solving 
equations 
III 
and 12) for K gives: 
K ~ Po • (TA + 273 C) ~ IIJA'P02 
131 


where 
K is a constant 
pertaining 
to the particular 
part. K 


can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for a known 
TA- Using 
this value 
of K, 


the values of Po and TJ can be obtained 
by solving 
equa- 


tions 
(1) and 121iteratively 
for any value of TA- 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VDD 
-0.3 to + 7.0 
V 


Input Voltage 
Vin 
VSS -0.3to 
V 


VDD +0.3 


Self-Check Mode (IRQ Pin Only) 
Vin 
VSS-0.3 
to 
V 
2 x VDD-0.3 


Current Drain Per Pin Excluding 
I 
25 
mA 


VDD and VSS 


Operating Temperature Range 
TA 
TL to TH 
C 


MC68HC05C3P,FN 
o to -70 


MC68HC05C3CP,CFN 
-40 to -85 


MC68HC05C3VP,VFN 
-40 to - 105 


MC68HC05C3MP, MFN 
-40 to - 125 


Storage Temperature Range 
Tsto 
-65to 
- 150 
C 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
HJA 
CW 


Plastic 
60 


Plastic Leaded Chip Carrier (PLCCI 
70 


The average 
chip-junction 
temperature. 
TJ. in "C can 


be obtained 
from: 


TJ~TA~(PO'HJA) 
(11 


where: 


TA 
HJA 


~ Ambient 
Temperature. 
"C 


~ Package Thermal 
Resistance, 


Junction-to-Ambient. 
"(lW 


~ PINT+ PI 0 
~ ICC x VCC' Watts - 
Chip Internal 
Power 


~ Power 
Dissipation 
on Input 
and Output 
Pins - 
User Determined 


This device contains circuitry to protect the in· 


puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum·rated voltages 
to this 
high4impedance 
circuit. 
For proper 
oper- 


ation, it is recommended that Vin and Vout be 
constrained to the range VSS' 
(Vin or Voutl . 


VDD. Reliability of operation is enhanced if un· 
used inputs are connected to an appropriate logic 
voltage level (e.g.. either VSS or VDDI. 


C 
(See 


Table) 


Pins 
R1 
R2 
C 


PAO-PA7. 
3.26 kll 
2.38 kll 
50 pF 


PBO·PB7. 
PCO·PC7, 
PD1-PD4 


PDO,PD5,PD7 
1.9 kll 
2.26 kll 
200 pF 


Pins 
R1 
R2 
C 


PAQ·PA7. 
10.91 kll 
50 pF 


PBO·PB7. 
6.32 kll 


PCO-PO. 
PD1-PD4 


PDO.PD5.PD7 
6kll 
6 kll 
200 pF 


MOTOROLA MICROPROCESSOR DATA 


3-844 


DC ELECTRICAL 
CHARACTERISTICS 


(VOO~ 5.0 Vdc:!: 10%, VSS = a Vdc, TA = TL to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, ILoad'S 10.0 jJ.A 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-0.1 
- 
- 


Output High Voltage 
VOH 
V 


(ILoad 
0.8 mAl PAO-PA7,PBO-PB7,PCO-PC7,TCMP (see Figure 19) 
VOO-08 
- 
- 


(ILoad 
1.6 mAl P01-P04 (see Figure 20) 
VOO 
0.8 
- 
- 


Outrut 
Low Voltage (see Figure 21I 
VOL 
- 
- 
0.4 
V 


(ILoad 
1.6 mAl PAO-PA7, PBO-PB7,PCO-PC7,P01-P04, TCMP 


Input High Voltage 
- 
VIH 
0.7 x VOO 
- 
VOO 
V 
PAO·PA7, PBO·PB7,PCO·PC7,POO·P05, P07, TCAP, IRQ, 
RESET,OSCl 


Input Low Voltage 
- 
VIL 
VSS 
- 
0.2/ 
VOO 
V 
PAQ·PA7, PBO-PB7,PCO·PC7,POO·P05, P07, TCAP, IRQ, 
RESET,OSCl 


Data Retention Mode (0 to 70 C) 
VRM 
2.0 
- 
- 
V 


Supply Current (see Notes) 
100 


Run (see Figures 22 and 231 
- 
3.5 
7.0 
mA 


Wait (see Figures 22 and 23) 
- 
1.6 
4.0 
mA 


Stop (see Figure 23) 


25 C 
- 
2.0 
50 
jJ.A 


a to 70 C (Standard) 
- 
- 
140 
jJ.A 
40 to +85C 
- 
- 
180 
jJ.A 
40 to 
·125 C 
- 
- 
250 
jJ.A 


I 0 Ports Hi·Z Leakage Current 
IlL 
- 
- 
",10 
jJ.A 
PAO·PA7, PBO-PB7,PCO·PC7,P01·P04 


In~Current 
lin 
- 
- 
",1 
jJ.A 
RESET, IRQ, TCAP, OSC1, POO,P05, P07 


Capacitance 
pF 


Ports (a'iJ.r1.putor Output) 
Cout 
- 
- 
12 
RESET, IRQ, TCAP, POO·P05, P07 
Cin 
- 
- 
·8 


NOTES: 


1. All values 
shown 
reflect 
average 
measurements. 


2. Typical values at midpoint 
of voltage range, 25 Conly. 
3. Wait 100: Only timer system active (SPE= TE = RE= 01. If SPI, SCI active (SPE= TE = RE= 1I add 10% current draw. 
4. Run (Operating) 
100, Wait 100: Measured using external square wave clock source (fosc=4.2 
MHz). all inputs 0.2 V from rail; 


no de loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 


5. Wait, Stop 100: All ports configured 
as inputs, VIL ~ 0.2 V, VIH = VOO- 0.2 V. 


6. Stop 100 measured with OSC1 ~ VSS. 
7. Standard temperature 
range is a to 70'C. Extended temperature 
versions and a 25-C only version are available. 
8. Wait 100 is affected linearly by the OSC2 capacitance. 
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Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, ILoad" 10.0 ILA 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-01 
- 
- 


Output High Voltage 
VOH 
V 


IILoad = 0.2 mAl PAO-PA7,PBO-PB7,PCO-PC7,TCMP Isee Figure 19) 
VOO 
0.3 
- 
- 


IILoad=O.4 
mAl P01-P041see 
Figure 20) 
VOO 
03 
- 
- 


Output Low Voltage Isee Figure 211 
VOL 
- 
- 
0.3 
V 
IILoad = 0.4 mAl PAO-PA7, PBO-PB7,PCO-PC7,P01-P04, TCMP 


Input High Voltage 
- 
VIH 
0.7, VOO 
- 
VOO 
V 


PAO-PA7, PBO-PB7,PCO-PC7,POO-POS,P07, TCAP, IRQ, 
RESET,OSC1 


Input Low Voltage 
- 
VIL 
VSS 
- 
0.2, 
VOO 
V 


PAO-PA7, PBO-PB7,PCO-PC7,POO-POS,P07, TCAP, IRQ, 
RESET,OSC1 


Oata Retention 
Mode 10·to 70·C) 
VRM 
20 
- 
- 
V 


Supply Current (see Notesl 
100 
Run (see Figures 22 and 24) 
- 
1.0 
2.S 
mA 


Wait (see Figures 22 and 24) 
- 
O.S 
1.4 
mA 


Stop (see Figure 24) 
2S·C 
- 
1.0 
30 
ILA 


O' to 70·C (Standard) 
- 
- 
80 
ILA 


- 40· to + 8S·C 
- 
- 
120 
ILA 


-40· 
to + 12S·C 
- 
- 
17S 
ILA 


I/O Ports Hi-Z Leakage Current 
IlL 
- 
- 
-10 
ILA 


PAO-PA7, PBO-PB7,PCO-PC7,P01-P04 


Input Current 
lin 
- 
- 
-1 
ILA 


RESET, IRQ, TCAP, OSC1, POO,POS, P07 


Capacitance 
pF 


Ports (au!!put 
or Output) 
Cout 
- 
- 
12 


RESET, IRQ, TCAP, POO-POS,P07 
Cin 
- 
- 
8 


NOTES: 


1. All values shown reflect average measurements. 
2. Typical values at midpoint 
of voltage range, 2S·C only. 
3. Wait 100: Only timer system active (SPE= TE = RE= 0). If SPI, SCI active (SPE= TE ~ RE= 11add 1000 current draw. 
4. Run (Operating) 
100, Wait 100: Measured using external square wave clock source (fosc = 4.2 MHz!. all inputs 0.2 V from rail; 


no de loads, less than SOpF on all outputs, CL ~ 20 pF on OSC2. 


S. Wait, Stop 100: All ports configured 
as inputs, VIL = 0.2 V, VIH = VOO- 0.2 V. 


6. Stop 100 measured with OSC1 =VSS. 
7. Standard temperature range is 00 to 70°C.Extended temperature versions and a 25 C only version are available. 
8. Wait 100 is affected linearly by the OSC2 capacitance. 
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5.0 


4.0 


3.0 
<i'.§ 
I 
52 


20 


10 


0.4 


VOO·VOH 
(Volts) 


<i' 
E- 
40 
I 
52 


6.0 


5.0 


4.0 


<i'.§ 3.0 
9 


20 


10 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-847 


MC68HC05C3 


135 mAl 
35 
35 


30 
30 


25 
25 


WAIT 
MODE 


20 
20 


<i 
<i 


E 
§ 


0 
0 
116 
mAl 
i> 
i> 


1 5 
1 5 


I 


' a 
10 


05 
05 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-848 


7.0 


6.0 


5.0 


40 
"5 
0 
s;> 
30 


2.0 


1.0 


0 


0 
• 


1 5 
"5 
0 
s;> 
\ 0 


05 


0 
0 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-849 


I 


CONTROL 
TIMING 


(VDD=5.0 Vdc:t 10%. VSS=O Vdc. TA=TL to TH) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency 01 Operation 
lose 
MHz 


Crystal Option 
- 
4.2 


External Clock Option 
de 
4.2 


Internal Operating Frequency 
lop 
MHz 


Crystal (Iosc';- 2) 
- 
2.1 


External Clock (Iosc';- 2) 
de 
2.1 


Cycle Time (see Figure 28) 
tcvc 
480 
- 
ns 


Crystal Oscillator Startup Time (see Figure 28) 
toxOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 
tlLCH 
- 
100 
ms 


RESETPulse Width (see Figure 28) 
tRL 
1.5 
- 
tCYC 


Timer 


Resolution"'''' 
tRESL 
4.0 
- 
tcyc 


Input Capture Pulse Width (see Figure 26) 
tTH.tTL 
125 
- 
ns 


Input Capture Pulse Period (see Figure 26) 
tTLTL 
... 
- 
tcvc 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 
tlLlH 
125 
- 
ns 


Interrupt Pulse Period (see Figure 8) 
liLiL 
. 
- 
tcyc 


OSC1 Pulse Width 
tOH.tOL 
90 
- 
ns 


'The minimum 
period tlLlL should not be less than the number 01 cycle times it takes to execute the interrupt service routine plus 


21 tcyc. 


• .•.Since 
a 2~bit prescaler 
in the 
timer 
must 
count 
four 
internal 
cycles 
(leyeL 
this 
is the 
limiting 
minimum 
factor 
in determining 
the 


timer 
resolution. 


• .•..•.The 
minimum 
period 
tTLTL 
should 
not 
be less than 
the 
number 
of cycle 
times 
it takes 
to execute 
the 
capture 
interrupt 
service 


routine plus 24 tcyc. 


OSCll ~IIIIIIIIIII 
~IIIIIIIIII! 


tRL 


Internal 
Address 


Bus 


NOTES 


1 
Represents 
the 
Internal 
gating 
of the 
05C1 
pin 


2 
IRQ 
pm edge-sensitive 
mask 
optIon 


3 
IAQ 
pin 
level 
and 
edge-senSltlve 
mask 
option 


4 
RESET 
vector 
address 
shown 
for 
tIming 
example 
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CONTROL 
TIMING 
(VDD=3.3 Vdc c!: 0.3 Vdc, VSS=O Vdc, TA=lL 
to TH) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency 01 Operation 
losc 
MHz 


Crystal Option 
- 
2.0 
External Clock Option 
dc 
2.0 


Internal Operating Frequency 
lop 
MHz 
Crystal (losc-i-2) 
- 
1.0 


External Clock (Iosc -i-2) 
dc 
1.0 


Cycle Time (see Figure 28) 
tcvc 
1000 
- 
ns 


Crystal Oscillator Startup Time (see Figure 28) 
toxOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 
lilCH 
- 
100 
ms 


RESETPulse Width - 
Excluding Power-Up (see Figure 28) 
tRl 
1.5 
- 
tCyc 


Timer 
Resolution·* 
tRESl 
4.0 
- 
tcyc 


Input Capture Pulse Width (see Figure 26) 
tTH, tTL 
250 
- 
ns 


Input Capture Pulse Period (see Figure 26) 
tTlTL 
'" 
- 
tcyc 


Interrupt Pulse Width low (Edge-Triggered) (see Figure 8) 
tlLlH 
250 
- 
ns 


Interrupt Pulse Period (see Figure 8) 
tlLll 
, 
- 
tcvc 


OSCl Pulse Width 
tOH, tal 
200 
- 
ns 


'The minimum 
period tlLll should not be less than the number 01 cycle times it takes to execute the interrupt service routine plus 
21 tcyc- 
··Since a 2-bit prescaler in the timer must count four internal cycles (leyel, this is the limiting minimum factor in determining the 


timer resolution. 
···The 
minimum period tTLTL should not be less tran 
the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 


Exlefnat 


SIgnal 
!TeAP 


Pin 
37) 


• 
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Num. 
Characteristic 
Symbol 
Min 
Max 
Unit 


Operating 
Frequency 
Master 
foplm) 
de 
0.5 
fop 
Slave 
fools) 
de 
2.1 
MHz 


1 
Cycle Time 
Master 
tcyclm) 
2.0 
- 
tcyc 


Slave 
tcvc(s) 
480 
- 
ns 


2 
Enable Lead Time 
Master 
tleadlm) 
. 
- 
ns 


Slave 
tleadls) 
240 
- 
ns 


3 
Enable Lag Time 
Master 
tlag(m) 
. 
- 
ns 


Slave 
tlao(s) 
240 
- 
ns 


4 
Clock (SCK) High Time 


Master 
tw(SCKH)m 
340 
- 
ns 
Slave 
twISCKH)s 
190 
- 
ns 


5 
Clock ISCK) Low Time 
Master 
tw(SCKL)m 
340 
- 
ns 
Slave 
tw(SCKL)s 
190 
- 
ns 


6 
Data Setup Time (Inputs) 
Master 
tsulm) 
100 
- 
ns 


Slave 
tsu(s) 
100 
- 
ns 


7 
Data Hold Time (Inputs) 
Master 
thlm) 
100 
- 
ns 
Slave 
this) 
100 
- 
ns 


8 
Access Time (Time to Data Active from High-Impedance 
State) 


Slave 
ta 
0 
120 
ns 


9 
Disable Time (Hold Time to High-Impedance 
State) 
Slave 
tdis 
- 
240 
ns 


10 
Data Valid 
Master (Before Capture Edge) 
tv(m) 
0.25 
- 
tcyclm) 


Slave (After Enable Edge)·· 
tv(s) 
- 
240 
ns 


11 
Data Hold Time (Outputs) 


Master (After Capture Edge) 
tholm) 
0.25 
- 
tcyclml 
Slave (After Enable Edge) 
tho(s) 
0 
- 
ns 


12 
Rise Time (20% VDD to 70% VDD, CL=200 
pF) 
SPI Outputs (SCK, MOSI, and MISo.L 
trm 
- 
100 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
trs 
- 
2.0 
fLS 


13 
Fall Time (70% VDD to 20% VDD, CL = 200 pF) 


SPI Outputs (SCK, MOSt, and MIS0.L 
tfm 
- 
100 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
tfs 
- 
2.0 
"'s 


·Signal 
production 
depends on software . 


•• Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPIl TIMING 
(VDD=3.3 
Vde±0.3 
Vde, VSS=O Vde, TA~TL 
to TH! (see Figure 27) 


Num. 
Characteristic 
Symbol 
Min 
Max 
Unit 


Operating 
Frequency 
Master 
lop(m) 
de 
0.5 
lop 
Slave 
loo(s! 
de 
1.0 
MHz 


1 
Cycle Time 
Master 
teye(m) 
2.0 
- 
teye 
Slave 
teve(s! 
1.0 
- 
~s 


2 
Enable Lead Time 
Master 
tlead(m) 
, 
- 
ns 
Slave 
tlead(s! 
500 
- 
ns 


3 
Enable Lag Time 


Master 
tlag(m) 
, 
- 
ns 


Slave 
tlaa(s) 
500 
- 
ns 


4 
Clock (SCK) High Time 


Master 
tw(SCKH!m 
720 
- 
~s 


Slave 
tw(SCKH)s 
400 
- 
ns 


5 
Clock (SCK) Low Time 
Master 
tw(SCKL!m 
720 
- 
~s 
Slave 
tw(SCKL)s 
400 
- 
ns 


6 
Data Setup Time (Inputs) 


Master 
tsu(m) 
200 
- 
ns 


Slave 
tsu(s) 
200 
- 
ns 


7 
Data Hold Time (Inputs! 


Master 
th(m) 
200 
- 
ns 


Slave 
this) 
200 
- 
ns 


8 
Access Time (Time to Data Active Irom High-Impedance 
State) 
Slave 
ta 
0 
250 
ns 


9 
Disable Time (Hold Time to High-Impedance 
State) 


Slave 
tdis 
- 
500 
ns 


10 
Data Valid 
Master (Belore'Capture 
Edge! 
tv(m! 
0.25 
- 
tcyc(m) 
Slave (After Enable Edge)'~ 
tv(s! 
- 
500 
ns 


11 
Data Hold Time (Outputs) 


Master (After Capture Edge) 
tho(m) 
0.25 
- 
teye(m) 
Slave (After Enable Edge) 
tho(s) 
0 
- 
ns 


12 
Rise Time (20% VDD to 70% VDD, CL = 200 pF) 


SPI Outputs (SCK, MOSI, and MIS0.L 
trm 
- 
200 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
trs 
- 
2.0 
~s 


13 
Fall Time (70% VDD to 20% VDD, CL= 200 pF) 


SPI Outputs (SCK, MOSI, and MIS0.L 
tlm 
- 
200 
ns 


SPI Inputs (SCK, MOSI, MISO, and SS) 
tIs 
- 
2.0 
~s 


'Signal 
production 
depends on software. 
"Assumes 
200 pF load on all SPI pins, 
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OSC'" 


3:0-l0 
:xl 
Internal 
0 
> 


Processor 
Clock.- 


3:0 
II.) 
:xl 
Internal 
Co 
0 
Address 
Ul 
"'tI 
01 
:xl 
Bus· 
0 
(')m 
(I) 
(I) 


Internal 
0 
:xl 
Data 


C 
Bus· 


~ 


RESET 


II 


1 
VOD Threshold 11-2 V TYPleall 


I 
I 
i~--'-v{7-/-/ /-/-0-0-/-0-/-/1-0-/-//-/-//-//-/-/ /-/-0-0-/-//-/-/ /-/-0-/ /-/-O-/~//-//-/-//~// 
i 
I 
I tOXDV 
4064 'eye 
1 
I 
I 
I 
,4 
•.," 
"'I 


:: 
r'eye1 


---t~:'·1 
• Internal timing signal and bus information 
nOI avaIlable externally 


··05el 
line is not 
meant 
to represent 
frequency 
It IS only 
used 
to represent 
time 


• * • The next rising edge of the internal processor clock following the rising edge 01 I".fESIT 
Initiates 
the reset sequence 


The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 


MDOS@, 
disk file 
MS@-DOS/PC-DOS 
disk file 
(360K) 
EPROM(s) 
2764, MCM68764, 
MCM68766, 
or EEPROM 
MC68HC805C4 
To initiate 
a ROM pattern 
for the MCU, 
it is necessary 
to first contact 
the local field service 
office, 
a sales person, 
or a Motorola 
representative. 


FLEXIBLE 
DISKS 


A flexible 
disk 
(MS-DOS/PC-DOS 
disk 
file), 
pro- 
grammed 
with 
the 
customer's 
program 
(positive 
logic 
sense for address 
and data), may be submitted 
for pattern 
generation. 
The diskette 
should 
be clearly 
labeled 
with 
the customer's 
name, 
data, project 
or product 
name, 
and 
the 
name 
of the file containing 
the pattern. 
In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the pattern 
file. 


MS·DOS/PC·DOS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is the IBM' 
Personal 
Computer 
(PC) Disk Operating 
Sys- 


tem. 
Disk media 
submitted 
must 
be a standard 
density 
(360K) double-sided 
5 1/4 inch compatible 
floppy 
diskette. 
The diskette 
must 
contain 
object 
file 
code 
in Motorola's 
S-record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and linkers 
on IBM PC style 
machines. 


EPROMs 


A 2764, 
68764, 
or 
68766 
type 
EPROM, 
programmed 
with 
the 
customer's 
program 
(positive 
logic 
sense 
for 
address 
and 
data), 
may 
be submitted 
for pattern 
gener- 
ation. 
Since 
all program 
and data space 
information 
will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must 
be programmed 
as described 
in the following 
par- 


agraphs. 


For an MC68HC805C4 
MCU 
start 
the 
page 
zero, 
user 
ROM at EEPROM 
address 
$0020 through 
$004F. Start the 
user ROM at EEPROM address 
$0100 through 
$OBFF with 
vectors 
from 
$1 FF4 to $1 FFF. All unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
For shipment 
to 
Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC 
carrier 
and packed 
securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media 
(EPROMs 
or floppy 
disks) are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked, 
and the verification 
form 
should 
be completed, 
signed, 
and 
returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the contractual 
agreement 
for the creation 
of the customer 
mask. 
To aid 
in the 
verification 
process, 
Motorola 
will 
program 
cus- 
tomer 
supplied 
blank 
EPROM(s) 
or DOS disks 
from 
the 
data file 
used to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs 
containing 
the customer's 
ROM pattern 
will 
be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the 
pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum 
order 
quantity, 
but 
are not 
production 
parts. 


RVUs are not backed 
or guaranteed 
by Motorola 
Quality 
Assurance. 


The following 
table 
provides 
ordering 
information 
per- 
taining 
to the package 
type, 
temperature, 
and 
MC order 
numbers 
for the 
MC68HC05C3 
device. 


Package Type 
Temperature 
Me Order Number 


Plastic 
O·Cto +70·C 
MC68HCOSC3P 
IP Suffix) 
- 40·C to + 8S·C 
MC68HCOSC3CP 


- 40·C to + 10S·C 
MC68HCOSC3VP 


- 40·C to + 12S·C 
MC68HCOSC3MP 


PLCC 
O·Cto + 70·C 
MC68HCOSC3FN 
(FN Suffix I 
- 40·C to + 8S·C 
MC68HCOSC3CFN 


- 40·C to + 10S·C 
MC68HCOSC3VFN 


- 40·C to + 12S·C 
MC68HCOSC3MFN 


MOOS is a trademark 
of Motorola 
Inc. 
MS is a trademark 
of Microsoft, 
Inc. 


IBM is a registered trademark of International 
Business Machines Corporation. 
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40-PIN 
DUAL-IN·L1NE 
PACKAGE 


RESET 
1 
Voo 


iRQ 
2 
OSCI 


OSC2 


37 
TCAP 


36 
P07 


PA5 
35 
TCMP 


PA4 
34 
P05/SS 


33 
PD4/SCK 


32 
P03/MOSI 


PAl 
31 
P02/MISO 


PAD 
11 
30 
POllTOO 
• 


PBD 
12 
29 
POD/ROI 


PBl 
13 
2B 
PCD 


PB2 
14 
27 
PCl 


PB3 
15 
26 
PC2 


PB4 
16 
25 
PC3 


PB5 
17 
24 
PC4 


PB6 
lB 
23 
PC5 


PB7 
19 
22 
PC6 


VSS 
20 
21 
PC7 


l 


tu 
- 
N "- 
<0 
r-- 
(J') 
Cl U u « 
« « u uI~ UJ 
0 
(J') 
(J') 
U U 
a..a..zz_a:>OOI-Z 


PA5 
7 


PM 
PA3 
PA2 


PAl 
PAD 
PBD 
PBl 
PB2 
PB3 
PB4 


40 


39 
P07 
TCMP 
P05/SS 
PD4/SCK 
P03/MOSI 


34 
P02/MISO 
POl/TOO 
Pno/ROI 
peD 


PCl 


29 
PC2 


2B 
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TECHNICAL DATA 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C4 
(HCMOS) 
microcontroller 
unit 
(MCU) 
is a member 
of the 
M68HC05 
Family 
of 
microcontrollers. 
This 
high-performance, 
low-power 
MCU 
has parallel 
I/O capability 
with 
pins 
pro- 


grammable 
as input 
or output. 
This 
publication 
contains 
condensed 
information 
on the 
MCU; 
for 
more 
detailed 
information, 
contact 
your 
local 
Motorola 
sales office. 
The following 
block 
diagram 
depicts 
the 
hardware 
features; 
additional 
features 
available 
on the 
MCU 
are as follows: 


• 
On-Chip 
Oscillator 
with 
RC or Crystal/Ceramic 
Resonator 
Mask 
Options 


• 
Memory-Mapped 
I/O 


• 
176 Bytes 
of On-Chip 
RAM 


• 
4156 
Bytes 
of User 
ROM 


• 
24 Bidirectional 
I/O Lines 
and 7 Input-Only 
Lines 


• 
Serial 
Communications 
Interface 
(SCI) System 


• 
5'!rial 
Peripheral 
Interface 
(SPI) System 


• 
Self-Ch(;~k 
Mode 


• 
Power-Saving 
STOP, WAIT, 
and Data Retention 
Modes 


• 
Single 
3.0- to 5.5-Volt 
Supply 
(2-Volt 
Data Retention 
Mode) 


• 
Fully 
Static 
Operation 


• 
8 x 8 Unsigned 
Multiply 
Instruction 
I 


t 
Internal 
.• 
+ 


"_0< r 
. 
~:"'"-' 
TCAP 
Timer 
Clock 
OscIllator 
Processor 


-I 
System 
I 
~~ 
Clock 


RESET 
! 
IRQ 


PAO 
PCO 


PAl 
Accumulator 
PCI 


PA2 
CPU 
PC2 


PA3 
Pori 
Data 
Index 
Control 
Data 
Port 
PC3 


PM 
A 
D" 
Register 
- 
D" 
C 
PC4 


PA5 
Reg 
Reg 
Reg 
Reg 
PC5 


PA6 
Condition 
PC6 


PAl 
Code 
PCl 
Register 
CPU 


PBO 
Stack 
>- 
Port 0 
PDl 


PBI 
POinter 


PB2 
>- 
SCI 


ROIIPOO) 


Program 
TOO 
IPDlI 
PB3 
Port 
Data 
Counter 
MISOIPD2) 


PB4 
B 
D" 
High 
ALU 
MOSIIPD31 


PB5 
Reg 
Reg 
Program 
>- 
SPI 
SCK 
IPD4) 
PB6 
Counter 
•• 
SS 
IPD51 
PBl 
Low 


I 


Baud Rate 
Generator 


4156 
8 


I 


176x 8 


I 
T 


Internal 


ROM 
StatiC 
Processor 


RAM 
Clock 
240 
x 8 
Self· Check 


ROM 
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The signal 
descriptions 
of the 
MCU are discussed 
in 
the following 
paragraphs. 


VDD AND VSS 


Power 
is supplied 
to the 
microcontroller 
using 
these 


two 
pins. VDD is the positive 
supply, 
and VSS is ground. 


IRQ 


This pin is a programmable 
option 
that 
provides 
two 


different 
choices 
of interrupt 
triggering 
sensitivity. 
Refer 
to INTERRUPTS 
for more detail. 


OSC1,OSC2 


These 
pins 
provide 
control 
input 
for an on-chip 
clock 
oscillator 
circuit. 
A crystal, a ceramic 
resonator, 
a resistor/ 


capacitor 
combination, 
or an external 
signal 
connects 
to 


2 MHz 
4 MHz 
Units 


RSMAX 
400 
75 
0 


C() 
5 
7 
pF 


C1 
O.rol 
0.012 
~F 


CoSCl 
15-40 
15-3:> 
pF 


COSC2 
15-3:> 
15-25 
pF 


Rp 
10 
10 
MO 


K 


these 
pins providing 
a system 
clock. A mask option 
se- 
lects either 
a crystal/ceramic 
resonator 
or a resistor/ca- 
pacitor 
as the 
frequency 
determining 
element. 
The 
oscillator 
frequency 
is two times 
the internal 
bus rate. 


RC Oscillator 


With this option, 
a resistor 
is connected 
to the oscillator 


pins as shown 
in Figure 
1(d). The relationship 
between 
Rand 
fosc is shown 
in Figure 
2. 


Crystal 


The circuit shown 
in Figure 1(b) is recommended 
when 


using a crystal. 
Using an external 
CMOS oscillator 
is rec- 


ommended 
when 
crystals 
outside 
the specified 
ranges 


are to be used. The crystal 
and components 
should 
be 


mounted 
as close as possible 
to the input 
pins to mini- 


mize output 
distortion 
and start-up 
stabilization 
time. 
Re- 


fer 
to 
ElECTRICAL 
SPECIFICATIONS 
for 
VDD 


specifications. 


2·4 MHz 
Units 


RS 
(tYPlcati 
10 
{} 


Co 
40 
pF 


Cl 
43 
pF 


COSCI 
30 
pF 


COSC2 
30 
pF 


Rp 
1-10 
M{} 


Q 
1250 
- 


MCU 


OSCI 
OSC2 


39 
Rp 
38 


0 


COSC1~ 
~ 
COSC2 


~ 


SC2 
L 
cyl 
AS 
OSCI 


38 
39 


C() 


(e) 
External 
Clock 
Source 
Connections 
(For 
Crystal 
Mask 
Option 
Only) 
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I~ 
~ 
0.5 
~ 
~ 
0.2 
~ 
0.1 


.~ 
0 
0.05 


0.02 


0.01 
1 


Figure 2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


Ceramic 
Resonator 


A ceramic 
resonator 
may be used in place of the crystal 
in cost-sensitive 
applications. 
The circuit 
in Figure 1(b) is 
recommended 
when 
using 
a ceramic 
resonator. 
Figure 
1(a) lists the recommended 
capacitance 
and resistance 
values. 
The 
manufacturer 
of the 
resonator 
considered 
should 
be consulted 
for specific information 
on resonator 
operation. 


External 
Clock 


An external 
clock should 
be applied 
to the OSCl 
input 
with 
the OSC2 input 
not connected, 
as shown 
in Figure 
1(e). 
This option 
may only 
be used with 
the crystal 
os- 
cillator 
mask option. 


INPUT 
CAPTURE 
(TCAP) 


This pin controls 
the input 
capture 
feature 
for the on- 
chip programmable 
timer. 


OUTPUT 
COMPARE 
(TCMP) 


This 
pin 
provides 
an output 
for the output 
compare 
feature 
of the on-chip 
timer. 


RESET 


This pin is used to reset the MCU and provide 
an or- 
derly 
start-up 
procedure 
by pulling 
RESET low. 


INPUT/OUTPUT 
PORTS IPAO-PA7, PBO-PB7, PCO-PC7) 


These 24 lines are arranged 
into three 
B-bit ports 
(A, 
B, and C). These ports are programmable 
as either inputs 
or outputs 
under 
software 
control 
of the data direction 
registers. 
Refer to PROGRAMMING 
for additional 
infor- 
mation. 


FIXED INPUT 
PORT (PDO-PD5, PD7) 


These seven lines comprise 
port D, a fixed 
input 
port. 
All special functions 
that are enabled 
(SPI, SCI) affect this 
port. Refer to PROGRAMMING 
for additional 
information. 


Input/output 
port 
programming, 
fixed 
input 
port 
pro- 
gramming, 
and serial 
port 
programming 
are discussed 
in the following 
paragraphs. 


INPUT/OUTPUT 
PORT PROGRAMMING 


Any port pin is programmable 
as either an input or an 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Each port bit can be selected 
as 
output 
or input 
by writing 
the corresponding 
bit in the 
port DDR to a logic one for output 
and logic zero for input. 


On reset, all DDRs are initialized 
to logic zero to put the 
ports in the input mode. The port output 
registers 
are not 
initialized 
on reset but may be written 
to before 
setting 
the DDR bits to avoid 
undefined 
levels. 


When programmed 
as outputs, 
the latched output 
data 
is readable 
as input 
data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers 
and avoid 
undefined 
outputs. 
Refer to 
Figure 3 for typical 
port circuitry 
and to Table 
1 for a list 
of the I/O pin functions. 


RIW* 
DDR 
I/O Pin Functions 


0 
0 
The I/O pin is in input mode. Data is 
written into the output data latch. 


0 
, 
Datais written into the output data latch 
and output to the 1/0 pin. 
, 
0 
The state of the 1/0 pin is read. 


1 
1 
The I/O pin is in an output mode. The 
output data latch is read. 


I 
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Internal 
MCU 
Connections 


FIXED INPUT 
PORT PROGRAMMING 


Port D is a fixed input port (PDO-PD5. PD7) that monitors 
the external 
pins 
whenever 
the SCI or SPI is disabled. 


After 
reset. all seven 
bits become 
valid 
inputs 
because 
all special 
function 
drivers 
are disabled. 
For example. 


with 
the SCI enabled. 
PD~ and PD1 inputs 
will read zero. 
With the SPI disabled. 
PD2 through 
PD5 will read the state 
of the pin at the time 
of the read operation. 


Any unused 
inputs 
and I/O ports should 
be tied to 
an appropriate 
logic level (e.g .• either VDD or VSS). 


SERIAL 
PORT (SCI AND SPII PROGRAMMING 


The SCI and SPI use the port D pins for their functions. 


The SCI requires 
two 
pins (PDO-PD1) for its receive data 
input 
(RDIl and transmit 
data output 
(TDO). respectively. 


The SPI function 
requires 
four of the pins (PD2-PD5) for 


its serial 
data 
input/output 
(MISO). 
serial 
data 
ou!E.l!.t/ 


input 
(MOSIl. 
serial 
clock 
(SCK). and slave select 
(SS). 


respectively. 


The MCU is capable 
of addressing 
8192 bytes of mem- 
ory and I/O registers. 
as shown 
in Figure 4. The locations 


consist 
of user ROM. user RAM. self-check 
ROM. control 
registers. 
and 
I/O. The user-defined 
reset and interrupt 
vectors 
are located 
from 
$1FF4 to $1 FFF. 
The shared 
stack area is used during 
processing 
of an 
interrupt 
or subroutine 
call to save the CPU state. 
The 


stack pointer 
decrements 
during 
pushes and increments 
during 
pulls. 
Refer to INTERRUPTS 
for additional 
infor- 


mation. 


NOTE 


Using the stack area for data storage 
or temporary 
work locations 
requires care to prevent it from being 
overwritten 
due 
to stacking 
from 
an interrupt 
or 
subroutine 
call. 


REGISTERS 


The MCU contains 
the 
registers 
described 
in the fol- 


lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The accumulator 
is a general-purpose 
8-bit register used 


to hold 
operands 
and results 
of arithmetic 
calculations 


or data manipulations. 


7 
I 
A 


INDEX 
REGISTER 
(X) 


The index 
register 
is an 8-bit 
register 
used for the in- 


dexed 
addressing 
mode. 
It contains 
an 8-bit value 
that 
may be added to an 8- or 16-bit immediate 
value to create 


an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 13-bit register 
that contains 


the address 
of the next byte to be fetched. 


12 


I 


STACK POINTER 
(SP) 


The stack pointer 
is a 13-bit register 
that contains 
the 


address 
of the next free location 
on the stack. During 
an 
MCU 
reset or the reset stack pointer 
(RSP) instruction. 


the stack pointer 
is set to location 
$OOFF.The stack pointer 
is then decremented 
as data is pushed onto the stack and 
incremented 
as data is pulled 
from 
the stack. 
When 
accessing 
memory. 
the seven 
most 
significant 
bits are permanently 
set to 0000011. These seven bits are 
appended 
to the six least significant 
register 
bits to pro- 
duce 
an address 
within 
the 
range 
of $OOFF to $OOCO. 
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I/O 
32 Bytes 


User 
\ 
ROM 
48 Bytes 


RAM 


176 
Bytes 


---j--- 


0 


0 
Stack 


64 Bytes 
0 


0 


User 


ROM 
4096 Bytes 


4 


Unused 


3584 Bytes 


7 


7 


Self 
Check 


----- 


Self-Check 
Vectors 


B 


Unused 
8 


4 Bytes 
8 


User 
8 


Vectors 


12 Bytes 


Ports 


7 Bytes 


Unused 


3 Bytes 


Serial Peripheral 
Interface 
3 Bytes 


Serial 


Communications 
Interface 


5 Bytes 


Timer 
10 Bytes 


Unused 


4 Bytes 


\ 
\ 


\ 


191 
\ 
192 


\ 


\ 
\ 


\ 
\ 


\ 


\ 


0031 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\, 


\ 
\ 
\ 
\ 


Subroutines 
and interrupts 
may use up to 64 (decimal) 
locations_ If 64 locations 
are exceeded, 
the stack pointer 
wraps 
around 
and loses the previously 
stored 
informa- 
tion. A subroutine 
call occupies two locations on the stack; 


an interrupt 
uses five locations. 


12 
7 


~ 
SP 
_ 


Port A Data Register 


Port 8 Data Register 


Port C Data Register 


Port 0 Fixed Input Register 


Port A Data Direction Register 


Port B Data Direction Register 


Port C Data Direction Register 


Unused 


Unused 


Unused 


Serial Peripheral Control Register 


Serial Peripheral Status Register 


Serial Peripheral Data 1/0 
Register 


Serial Communications 
Baud Rate Register 


Serial Communications 
Control Register 1 


Serial Communications 
Control Register 2 


Serial Communications 
Status Register 


Serial Communications 
Data Register 


Timer Control Register 


Timer Status Register 


Input Capture High Register 


Input Capture Low Register 


Output C;:omp~ueHigh Register 


Output Compare Low Register 


Counter High Register 


Counter Low Register 


Alternate Counter High Register 


Alternate Counter Low Register 


Unused 


Unused 


Unused 


\ 
Unused 


$00 


$01 


$02 


$03 


$04 
sa; 
sa; 


$07 


$a! 


$09 


$OA 


$OB 


$OC 


$OD 


$OE 


$OF 


$10 II 


$11 


$12 


$13 


$14 


$15 


$16 


$17 


$18 


$19 


$1A 


$18 


$IC 


$10 


$1E 


$1F 


Half Carry 
(H) 


This bit is set during 
ADD and ADC operations 
to in- 
dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked (disabled). 
If an interrupt 
occurs while 
this bit is 
set, the interrupt 
is latched and processed 
as soon as the 
interrupt 
bit is cleared. 


CONDITION 
CODE REGISTER 
ICCR) 


The CCR is a 5-bit register 
in which 
four 
bits are used 
to indicate 
the results 
of the 
instruction 
just 
executed. 
These bits can be individually 
tested 
by a program, 
and 
specific 
actions 
can be taken as a result 
of their 
state. 
Each bit is explained 
in the following 
paragraphs. 


CCR 


~ 


Negative 
(N) 


When 
set, this bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result is a logic one). 


Zero 
(Z) 


When 
set, this bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 
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Carry/Borrow 
IC) 


When 
set, this 
bit indicates 
that 
a carry 
or borrow 
out 
of the 
arithmetic 
logical 
unit 
(AlU) 
occurred 
during 
the 
last arithmetic 
operation. 
This 
bit is also affected 
during 
bit 
test 
and 
branch 
instructions 
and 
during 
shifts 
and 


rotates. 


SCI - 
Transmission 
test; 
checks 
RDRF, TDRE, TC, 


and 
FE flags 


SPI - 
Transmission 
test; 
checks 
SPIF, WCOl, 
and 


MODF flags 


Self-check 
results 
(using 
the 
LEOs as monitors) 
are 


shown 
in Table 2. The following 
subroutines 
are available 
to the 
user and do not require 
any external 
hardware. 


TIMER 
TEST SUBROUTINE 


This 
subroutine 
returns 
with 
the 
Z bit 
cleared 
if any 
error 
is detected; 
otherwise, 
the 
Z bit 
is set. The timer 
test 
subroutine 
is called 
at location 
$1 FOE. The 
output 
compare 
register 
is first 
set to the 
current 
timer 
state. 
Because 
the timer 
is free 
running 
and has only 
a divide- 


by-four 
prescaler, 
each timer 
count 
cannot 
be tested. 
The 
test reads the timer 
once every 
10 counts 
(40 cycles) 
and 
checks 
for 
correct 
counting. 
The test 
tracks 
the counter 


until 
the timer 
wraps 
around, 
triggering 
the output 
com- 


pare flag in the timer 
status 
register. 
RAM locations 
$0050 
and $0051 are overwritten. 
Upon 
return 
to the user's 
pro- 
gram, 
X = 40. If the test passed, 
A = O. 


The self-check 
capability 
provides 
the ability 
to deter- 


mine 
if the device 
is functional. 
Self-check 
is performed 
using 
the circuit 
shown 
in Figure 
5. Port C pins 
PCO-PC3 


are monitored 
for the self-check 
results. 
After 
reset, 
the 


following 
seven 
tests 
are performed 
automatically: 


I/O - 
Exercise 
of ports 
A, B, and C 
RAM - 
Counter 
test for each RAM 
byte 


ROM - 
Exclusive 
OR with 
odd 
ones 
parity 
result 


Timer 
- 
Tracks 
counter 
register 
and checks 
OCF flag 
Interrupts 
- 
Tests 
external, 
timer, 
SCI and 
SPI in- 


terrupts 


RESET 


+9 v 


11~ 
REsEr 
1 


IRQ 


10k 
10k 


Voo 
40 
+5V 
+5V 
NC 


OSCl 
39 
qF 
10 k 


37 
TCAP 
10M 0 
4MHz 
MCU 


PA7 
OSC2 
39 
~F 


PA6 
36 


(See Note) 


P07 
+5V 


PA5 
35 
TCMP 


PA4 
Po5/SS 
34 


PA3 
33 
1M 
PD4/SCK 


PA2 
32 
10 k 


10 
Po3/MOSI 


PAl 
31 
11 
Po2/MISO 
PAO 
30 
POl/TOO 


29 
PDQ/Rol 
12 
29 
1 k 


PBO 
PCO 
" 


+5V 


13 
27 
lk 


PBl 
PCl 


10k 
14 
PC2 
26 
" 


1 k 


PB2 
15 
PC3 
25 
" 


lk 
PB3 
16 
PC4 
24 
PB4 
17 
PB5 
PC5 
23 


lB 
PB6 
PC6 
22 


19 
PC7 
21 


PB7 
VSS 


20 
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PC3 
PC2 
PCl 
pca 
Remarks 


1 
0 
0 
1 
Bad I/O 


1 
0 
1 
0 
Bad RAM 


1 
0 
1 
1 
Bad Timer 


1 
1 
0 
0 
Bad SCI 


1 
1 
0 
1 
Bad ROM 


1 
1 
1 
0 
Bad SPI 


1 
1 
1 
1 
Bad Interrupts or IRQ Request 


Flashing 
Good Device 


All Others 
Bad Device, Bad Port C, etc. 


ROM CHECKSUM 
SUBROUTINE 


This 
subroutine 
returns 
with 
the Z bit cleared 
if any 
error 
is detected; 
otherwise, 
the Z bit is set. The ROM 


crecksum 
subroutine 
is called at location 
$1F93 with RAM 


location 
$0053 equal to $01 and A = O. A short 
routine 
is 
set up and executed 
in RAM to compute 
a checksum 
of 


the 
entire 
ROM 
pattern. 
RAM 
locations 
$0050 through 


$0053 are overwritten. 
Upon return to the user's program, 


X = O. If the test passed, A = O. 


The MCU can be reset two 
ways: 
by initial 
power-up 


and by the external 
reset input (RESET). The RESET in£.l:!! 
consists 
mainly 
of a Schmitt 
trigger 
that senses the RE- 


SET line logic 
level. 


POWER·ON 
RESET (POR) 


An 
internal 
reset 
is generated 
on power-up 
to allow 
the 
internal 
clock 
generator 
to stabilize. 
The 
power-on 
reset is strictly 
for power 
turn-on 
conditions 
and should 
not be used to detect a drop in the power 
supply 
voltage. 


There is a 4064 internal 
processor 
clock cycl~J.!~) 
delay 


after 
the 
oscillator 
becomes 
active. 
If the RESET pin is 
low at the end of 40~, 
the MCU will 
remain 
in the 
reset condition 
until 
RESET goes high. 


j 


R 
1 


Increasing Memory 
~ 
Addresses 
U 
R 
0 


N 


EXTERNAL 
RESET INPUT 
The MCU is reset when 
a logic 
zero is applied 
to the 
RESET input 
for a period 
of one and one-half 
machine 
cycles 
(tcyel. 


The MCU can be interrupted 
five 
different 
ways: 
the 


four 
maskable 
hardware 
interrupts 
(IRQ, SPI, SCI, and 
timerl 
and the nonmaskable 
software 
interrupt 
instruc· 
tion 
(SWI). 


Interrupts 
cause the processor 
to save register 
contents 


on the stack and to set the interrupt 
mask (I bit) to prevent 


additional 
interrupts. 
The RTI instruction 
causes the reg- 
ister contents 
to be recovered 
from 
the stack and normal 
processing 
to resume. 
The 
stacking 
order 
is shown 
in 
Figure 6. 


Unlike 
RESET, hardware 
interrupts 
do not 
cause the 


current 
instruction 
execution 
to be halted 
but 
are con- 
sidered 
pending 
until the current 
instruction 
is complete, 


NOTE 


The current 
instruction 
is the one already 
fetched 


and being 
operated 
on. 


When the current 
instruction 
is complete, 
the processor 


checks 
all pending 
hardware 
interrupts. 
If unmasked 
(I 
bit clear) and if the corresponding 
interrupt 
enable 
bit is 
set, the 
processor 
proceeds 
with 
interrupt 
processing; 
otherwise, 
the next instruction 
is fetched 
and executed, 


If both 
an external 
interrupt 
and a timer 
interrupt 
are 


pending 
at the end of an instruction 
execution, 
the ex- 


ternal 
interrupt 
is serviced 
first. The SWI is executed 
the 


same as any other instruction, 
regardless 
of the I-bit state. 


Refer to Figure 
7 for the 
reset and interrupt 
instruction 
processing 
sequence. 


TIMER INTERRUPT 


There are three different 
timer 
interrupt 
flags that cause 
a timer 
interrupt 
whenever 
they are set and enabled. 
The 
interrupt 
flags 
are in the timer 
status 
register 
(TSR). and 


the 
enable 
bits 
are in the timer 
control 
register 
(TCR), 


Refer to TIMER for more 
information. 


o 
Stack 
I 


11 
P 
T 


Condition Code Register 


Accumulator 


Index Register 


PCH 


NOTE: Since the Stack Pointer decrements during pushes. the pel is 
stacked first, followed by PCH, etc. Pulling from the stack is 
in the reverse order. 


• 
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Clear iAO 
Request 


Latch 


Load PC from: 


SWI:$lFFC-$1FFD 
IRQ: $1FFA-$lFFB 
Timer: 
$1FF8-$1 FF9 


SCI: $1FF6-$1FF7 
SPI: $1FF4-$1FF5 


Complete 


Interrupt 


Routine 
and Execute 
RTI 
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EXTERNAL INTERRUPT 


If the 
inte'rupt 
mask 
bit 
(I bit) 
of the 
CCR is set, all 
interrupts 
are disabled. 
Clearing 
the I bit enables 
the ex- 
ternal 
interrupt. 
The external 
interrupt 
is internally 
~- 
chronized 
and then 
latched 
on the falling 
edge 
of IRQ. 


The action of the external 
interrupt 
is identical 
to the timer 
interrup~th 
the 
exception 
that 
the 
interrupt 
request 
input 
at IRQ is latched 
internally 
and the service 
routine 
address 
is specified 
by the contents 
of $1FFA and $1 FFB. 


Either 
a level-sensitive 
and edge-sensitive 
trigger, 
or 
an edge-sensitive-only 
trigger 
are available 
as a mask 
option. 
Figure 8 shows 
both a functional 
internal 
diagram 
and a mode 
timing 
diagram 
for the 
interrupt 
line. The 
timing 
diagram 
shows 
two 
treatments 
of the 
interrupt 
line to the 
processor. 
The first 
method 
shows 
a single 
pulse on the interrupt 
line spaced far enough 
apart to be 


serviced. 
The minimum 
time between 
pulses is a function 
of the length of the interrupt 
service. Once a pulse occurs, 
the next pulse should 
not occur until 
an RTI occurs. 
This 
time (tIUU 
is obtained 
by adding 
21 instruction 
cycles to 
the total number 
of cycles it takes to complete 
the service 
routine 
(not 
including 
the 
RTI instruction). 
The second 
method 
shows 
many interrupt 
lines "wire-ORed" 
to form 
the 
interrupts 
at the 
processor. 
If the 
interrupt 
line 
re- 
mains 
low after servicing 
an interrupt, 
then the next in- 
terrupt 
is recognized. 


NOTE 


The internal 
interrupt 
latch is cleared 
in the first part 
of the interrupt 
service 
routine; 
therefore, 
one ex- 
ternal interrupt 
pulse could 
be latched 
and serviced 
as soon as the I bit is cleared . 


External 


Interrupt 
Request 


Power-On Reset 


External Reset 


External Interrupt 
Being Serviced (Vector Fetch) 


ilm~tlllH 
U 


I... 
tlllL-------1 


Edgot-s-wtiw 
Trigger CondItion 
The minimum pulse w;dth (lJUH) 
is either 
125 nsIVOO=5VI 
0<250 nsIVOO=3 
VI. 


The period tlllL should not be less then 
the number of teyc cydes it takes to ex· 
acute the interrupt service routine plus 21 
leyc cycles. 


~s-wtiw 
Trigger CondItion 


If after 
seMcing 
an 
interrupt 
the jRrj 
re- 


mains low. 
then the next interrupt is 
recogniZed. 
ilm~~ 
tILIH------I 
---_I 


Normally 


Used 
with 
Wire-ORed 


Connection 


• 
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SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable 
instruction 
that 
is executed 
regardless 
of the state of the I bit in the CCR. If the I bit 


is zero, SWI executes 
after the other 
interrupts. 
The SWI 
operation 
is similar 
to the 
hardware 
interrupts. 
The in- 
terrupt 
service 
routine 
address 
is specified 
by the con- 
tents 
of memory 
locations 
$1 FFC and $1 FFD. 


SCI INTERRUPTS 


An interrupt 
in the SCI occurs when one ofthe 
interrupt 
flag 
bits in the serial 
communications 
status 
register 
is 
set, provided 
the I bit in the CCR is clear and the enable 
bit in the serial communications 
control 
register 
2 is set. 


Software 
in the serial 
interrupt 
service 
routine 
must de- 


termine 
the 
cause 
and 
priority 
of the 
SCI interrupt 
by 
examining 
the interrupt 
flags 
and status 
bits in the SCI 
status 
register. 


SPI INTERRUPTS 


An interrupt 
in the SPI occurs when one of the interrupt 
flag 
bits 
in the 
serial 
peripheral 
status 
register 
is set, 


provided 
the I bit in the CCR is clear and the enable 
bit 
in the serial 
peripheral 
control 
register 
is set. Software 
in the serial peripheral 
interrupt 
service 
routine 
must de- 
termine 
the 
cause 
and 
priority 
of the 
SPI interrupt 
by 
examining 
the interrupt 
flag bits in the SPI status register. 


STOP 


The STOP instruction 
places the MCU in its lowest power 
consumption 
mode. 
In the STOP mode, 
the internal 
os- 
cillator 
is turned 
off, 
halting 
all internal 
processing 
in- 
cluding 
timer, 
SCI, and SPI operation 
(refer to Figure 9). 
During 
the 
STOP 
mode, 
the 
TCR bits 
are altered 
to 
remove 
any pending 
timer 
interrupt 
request 
and to dis- 
able any further 
timer 
interrupts. 
The timer 
prescaler 
is 
cleared. 
The I bit in the CCR is cleared to enable external 
interrupts. 
All other 
registers 
and memory 
remain 
unal- 
tered. All input/output 
lines remain 
unchanged. 
The pro- 
cessor can be brought 
out of the STOP mode only by an 
external 
interrupt 
or reset. 


SCI during 
STOP Mode 


When 
the MCU enters 
the STOP mode, 
the baud 
rate 
generator 
stops, 
halting 
all SCI activity. 
If the STOP in- 


struction 
is executed 
during 
a transmitter 
transfer, 
that 
transfer 
is halted. 
If a low input to the IRQ pin is used to 
exit STOP mode, the transfer 
resumes. 
If the SCI receiver 
is receiving 
data and the STOP mode is entered, 
received 
data 
sampling 
stops 
because 
the 
baud 
rate 
generator 
stops, and all subsequent 
data is lost. For these reasons, 


all SCI transfers 
should 
be in the idle state when the STOP 
instruction 
is executed. 


SPI during 
Stop 
Mode 


When 
the MCU enters 
the STOP mode, 
the baud 
rate 
generator 
stops, 
terminating 
all master 
mode 
SPI oper- 
ations. 
If the STOP instruction 
is executed 
during 
an SPI 


transfer, 
that transfer 
halts until the MCU exits the STOP 
mode 
by a low signal 
on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control 
and status 
bits 
are cleared, 
and the SPI is disabled. 
If the MCU is in the 
slave mode 
when 
the STOP instruction 
is executed, 
the 
slave SPI continues 
to operate 
and can still accept 
data 
and clock information 
in addition 
to transmitting 
its own 
data back to a master 
device. 


At the end of a possible 
transmission 
with 
a slave SPI 
in the STOP mode, 
no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution 
should 
be observed 
when 
operating 
the SPI as a slave during 
the STOP mode 
be- 
cause the protective 
circuitry 
(WCOl, 
MODF, etc.) is in- 
active. 


WAIT 


The WAIT 
instruction 
places the MCU in a low-power 


consumption 
mode, but the WAIT mode consumes 
more 


11l Fetch Roset Vector or 
121Service Interrupt 
o. Staelt 
b. Set I Bit 
c. Vector to Interrupt 


Routine 
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power than the STOP mode. All CPU action is suspended, 
but the timer, 
SCI, and SPI remain 
active (refer to Figure 
10). An 
interrupt 
from 
the timer, 
SCI, or SPI can cause 
the MCU to exit the WAIT mode. 


During 
the WAIT mode, 
the I bit in the CCR is cleared 
to 
enable 
interrupts. 
All 
other 
registers, 
memory, 
and 
input/output 
lines remain in their previous 
state. The timer 
may be enabled 
to allow 
a periodic 
exit from 
the WAIT 
mode. 


DATA RETENTION 
MODE 


The contents 
of RAM and CPU registers 
are retained 
at supply 
voltages 
as low as 2.0 Vdc. This is called 
the 
data retention 
mode where the data is held, but the device 
is not guaranteed 
to operate. The MCU should be in RESET 
during 
data retention 
mode. 


The timer 
consists 
of a 16-bit, software-programmable 
counter 
driven 
by a fixed 
divide-by-four 
prescaler. 
This 
timer 
can be used for 
many 
purposes, 
including 
input 
waveform 
measurements 
while 
simultaneously 
gener- 
ating 
an output 
waveform. 
Pulse widths 
can vary 
from 
several 
microseconds 
to many 
seconds. 
Refer to Figure 
11 for a timer 
block diagram. 


Because the timer 
has a 16-bit architecture, 
each spe- 
cific functional 
segment 
(capability) 
is represented 
by two 
registers. 
These registers 
contain 
the high 
and low 
byte 
of that functional 
segment. 
Generally, 
accessing 
the low 
byte of a specific 
timer 
function 
allows 
full control 
of that 
function; 
however, 
an access 
of the 
high 
byte 
inhibits 
that specific 
timer 
function 
until 
the low 
byte is also ac- 
cessed. 


Oscillator 
Active 
Timer. SCI. And SPI 


Clocks 
Active 
Processor 
Clocks 
Stopped 


(1) Fetch Reset Vector or 
(2) Service Interrupt 


a. Stack 
b. Set 1Bit 
c. Vector to Interrupt 


Routine 


• 
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NOTE 


The I bit in the CCR should 
be set while 
manipu- 
lating 
both the high and low byte register 
of a spe- 
cific timer 
function 
to ensure that an interrupt 
does 
not occur. 


If a read of the free-running 
counter 
or counter 
alternate 
register 
first 
addresses 
the most 
significant 
byte (MSB) 
($18, $1A). the LSB ($19, $1B) is transferred 
to a buffer. 
This buffer value remains 
fixed after the first 
MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed 
when 
reading 
the free-running 
counter 
or 
counter 
alternate 
register 
LSB ($19 or $1 B) and, 
thus, 
completes 
a read sequence 
of the total counter 
value. In 
reading 
either the free-running 
counter 
or counter 
alter- 
nate register, 
if the MSB is read, the LSB must 
also be 
read to complete 
the sequence. 
The counter 
alternate 
register 
differs 
from the counter 
register in one respect: a read ofthe 
counter 
register 
MSB 
can clear the timer 
overflow 
flag 
(TO F). Therefore, 
the 
counter 
alternate 
register can be read at any time without 
the possibility 
of missing 
timer 
overflow 
interrupts 
due 
to clearing 
of the TOF. 
The free-running 
counter 
is configured 
to $FFFC during 
reset and is always a read-only 
register. 
During a power- 
on reset, the counter 
is also preset to $FFFC and begins 


COUNTER 


The key element 
in the programmable 
timer 
is a 16- 
bit, free-running 
counter 
or counter 
register, 
preceded 
by 
a prescaler 
that divides 
the internal 
processor 
clock by 


·four. The 
prescaler 
gives 
the timer 
a resolution 
of 2.0 
microseconds 
if the internal 
bus clock 
is 2.0 MHz. The 
counter 
is incremented 
during 
the low portion 
of the in- 
ternal 
bus clock. 
Software 
can read the counter 
at any 
time 
without 
affecting 
its value. 
The double-byte, 
free-running 
counter can be read from 
either 
of 
two 
locations, 
$18--$19 
(counter 
register) 
or 
$1A-$1 B (counter 
alternate 
register). 
A read from 
only 
the least significant 
byte (LSB) ofthe free-running 
counter 
($19, $1 B) receives the count value at the time of the read. 


Internal 
Processor 
Clock 


0 
Q 


ClK 


Timer 
Status 
C 


Reg. 


RESET 


Output 
Edge 
Level 
Input 
(TCMP) nCAP) 
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running 
after 
the oscillator 
start-up 
delay. 
Because 
the 
free-running 
counter 
is 16 bits preceded 
by a fixed divide- 
by-four 
prescaler, 
the value 
in the free-running 
counter 
repeats every 262,144 internal 
bus clock cycles. When the 
counter 
rolls over from $FFFF to $0000, the TOF bit is set. 


An interrupt 
can also be enabled 
when 
counter 
rollover 
occurs 
by setting 
its interrupt 
enable 
bit (TOlE). 


OUTPUT COMPARE 
REGISTER 


The 16-bit output 
compare 
register 
is made up of two 
B-bit registers 
at locations 
$16 (MSB) and $17 (LSB). The 
output 
compare 
register 
is used for 
several 
purposes, 
such as indicating 
when 
a period of time has elapsed. All 


bits are readable 
and writable 
and are not altered 
by the 
timer 
hardware 
or reset. If the compare 
function 
is not 
needed, the two bytes of the output 
compare 
register 
can 
be used as storage 
locations. 
The output 
compare 
register 
contents 
are compared 
with the contents 
of the free-running 
counter 
continually, 
and if a match 
is found, 
the corresponding 
output 
com- 
pare flag 
(OCF) bit is set and the corresponding 
output 


level (OLCL) bit is clocked to an output 
level register. 
The 
output 
compare 
register 
values 
and the output 
level bit 
should 
be changed 
after each successful 
comparison 
to 
establish 
a new elapsed 
timeout. 
An interrupt 
can also 
accompany 
a successful 
output 
compare 
provided 
the 
corresponding 
interrupt 
enable 
bit (OCIE) is set. 


After 
a processor 
write 
cycle 
to the output 
compare 
register 
containing 
the MSB ($16). the output 
compare 
function 
is inhibited 
until 
the LSB ($17) is also written. 


The user must write 
both bytes (locations) 
if the MSB is 
written 
first. 
A write 
made only to the LSB ($17) will 
not 
inhibit 
the compare 
function. 
The free-running 
counter 
is 
updated 
every 
four 
internal 
bus clock cycles. The mini- 
mum 
time 
required 
to update 
the output 
compare 
reg- 
ister is a function 
of the program 
rather than the internal 
hardware. 


The processor 
can write 
to either 
byte 
of the output 
compare 
register 
without 
affecting 
the other 
byte. The 
output 
level (OLVL) bit is clocked to the output 
level reg- 


ister regardless 
of whether 
the output 
compare 
flag (OCF) 


is set or clear. 


INPUT CAPTURE REGISTER 


Two 
B-bit 
registers, 
which 
make 
up the 
16-bit 
input 
capture 
register, 
are read-only 
and are used to latch the 
value of the free-running 
counter 
after the corresponding 
input 
capture 
edge detector 
senses a defined 
transition. 


The level transition 
which 
triggers 
the counter 
transfer 
is 
defined 
by the corresponding 
input edge bit (IEDG). Reset 
does not affect the contents 
of the input capture 
register. 


The result 
obtained 
by an input 
capture 
will 
be one 
more 
than the value 
of the free-running 
counter 
on the 
rising 
edge of the 
internal 
bus clock 
preceding 
the ex- 
ternal 
transition. 
This delay 
is required 
for internal 
syn- 
chronization. 
Resolution 
is one count of the free-running 
counter, 
which 
is four 
internal 
bus clock cycles. 


The free-running 
counter 
contents 
are transferred 
to 
the input capture 
register on each proper signal transition 
regardless 
of whether 
the input 
capture 
flag (ICF) is set 
or clear. The input 
capture 
register 
always 
contains 
the 


free-running 
counter 
value that corresponds 
to the most 
recent input 
capture. 


After 
a read of the input 
capture 
register 
($14) MSB, 
the counter 
transfer 
is inhibited 
until the LSB ($15) is also 
read. This characteristic 
causes the time used in the input 
capture 
software 
routine 
and its interaction 
with the main 


program 
to determine 
the minimum 
pulse period. 


A read of the input capture 
register 
LSB ($15) does not 
inhibit 
the free-running 
counter 
transfer 
since they occur 
on opposite 
edges of the internal 
bus clock. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is a read/write 
register 
containing 
five control 


bits. Three bits control 
interrupts 
associated with the timer 


status 
register 
flags ICF, OCF, and TOF. 


• 


ICIE - 
Input Capture 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
OCIE - 
Output 
Compare 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
TOlE - 
Timer 
Overflow 
Interrupt 
Enable 
1= Interrupt 
enabled 
0= Interrupt 
disabled 
IEDG - 
Input Edge 
Value of input 
edge determines 
which 
level transition 
on TCAP pin will trigger 
free-running 
counter 
transfer 
to the input 
capture 
register 
1= Positive 
edge 
0= Negative 
edge 
Reset does not affect te IEDG bit (U = unaffected). 


OLVL - 
Output 
Level 


Value of output 
level is clocked 
into output 
level reg- 
ister 
by the next successful 
output 
compare 
and will 


appear 
on the TCMP pin 


1= High output 
0= Low output 
Bits 2, 3, and 4 - 
Not used 
Always 
read zero 


TIMER STATUS 
REGISTER (TSR) $13 


The TSR is a read-only 
register 
containing 
three status 
flag bits. 


ICF - 
Input Capture 
Flag 
1 = Flag set when selected 
polarity 
edge is sensed by 
input capture 
edge detector 
0= Flag cleared when TSR and input capture 
low reg- 
ister ($15) are accessed 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-871 


• 


. 
. 
.." 
.~e'"'··""''''''''-''' 
match the free-running 
counter 
contents 
A full-duplex 
asynchronous 
SCI is provided 
with 
a 
0= Flag cleared 
when TSR and output 
compare 
low 
standard 
NRZ format 
and a variety 
of baud rates. The SCI 
register 
($17) are accessed 
transmitter 
and receiver are functionally 
independent 
but 
TOF - 
Timer 
Overflow 
Flag 
use the same data format 
and baud rate. The terms 
baud 
1 = Flag set when free-running 
counter transition 
from 
and bit rate are used synonymously 
in the following 
de- 
$FFFF to $0000 occurs 
scription. 
0= Flag cleared 
when TSR and counter 
low register 
($19) are accessed 
Bits 0-4 - 
Not used 
Always 
read zero 


Accessing 
the 
timer 
status 
register 
satisfies 
the first 
condition 
required 
to clear status bits. The remaining 
step 
is to access the register 
corresponding 
to the status bit. 


A problem 
can occur when 
using 
the timer 
overflow 
function 
and reading 
the free-running 
counter 
at random 
times to measure 
an elapsed time. Without 
incorporating 
the proper 
precautions 
into software, 
the timer 
overflow 
flag could 
unintentionally 
be cleared 
if: 


1) The timer 
status 
register 
is read or written 
when 
TOF is set, and 
2) The lSB of the free-running 
counter 
is read but not 
for the purpose 
of servicing 
the flag. 


The counter 
alternate 
register 
at address $1A and $1 B 
contains 
the same value as the free-running 
counter 
(at 
address 
$18 and $19); therefore, 
this 
alternate 
register 
can be read at any time without 
affecting 
the timer 
ov- 
erflow 
flag in the timer 
status register. 


TIMER 
DURING 
WAIT 
MODE 


The CPU clock 
halts during 
the WAIT 
mode, 
but the 
timer 
remains 
active. An interrupt 
from the timer 
causes 
the processor 
to exit the WAIT mode. 


TIMER 
DURING 
STOP MODE 


In the STOP mode, the timer stops counting 
and holds 
the last count 
value 
if STOP is exited 
by an interrupt. 
If 
RESET is used, the counter 
is forced 
to $FFFC. During 
STOP, if at least one valid 
input 
capture 
edge occurs 
at 
the TCAP pin, the input 
capture 
detect circuit 
is armed. 
This does not set any timer 
flags nor wake up the MCU, 


but when the MCU does wake up, there is an active input 
capture 
flag 
and data from 
the first 
valid 
edge that oc- 
curred 
during 
the STOP mode. 
If RESET is used to exit 
STOP mode, then no input capture 
flag or data remains, 
even if a valid 
input 
capture 
edge occurred. 


• 
Standard 
NRZ (mark/space) 
format 
• 
Advanced 
error detection 
method 
includes 
noise de- 
tection 
for noise duration 
of up to one-sixteenth 
bit 
time 


• 
Full-duplex 
operation 
(simultaneous 
transmit 
and re- 


ceive) 
• 
Software 
programmable 
for one of 32 different 
baud 
rates 


• 
Software-selectable 
word 
length 
(eight- 
or nine-bit 
words) 
• 
Separate transmitter 
and receiver 
enable 
bits 
• 
SCI may be interrupt 
driven 
• 
Four separate 
interrupt 
conditions 


SCI RECEIVER 
FEATURES 


• 
Receiver wake-up 
function 
(idle or address 
bit) 
• 
Idle line detect 
• 
Framing 
error detect 
• 
Noise detect 
• 
Overrun 
detect 
• 
Receiver data register 
full flag 


SCI TRANSMITIER 
FEATURES 


• 
Transmit 
data register 
empty 
flag 
• 
Transmit 
complete 
flag 
• 
Break send 


Any SCI two-wire 
system 
requires 
receive data in (RDI) 
and transmit 
data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit 
data out (TDO) is the 
serial data presented 
between 
the internal 
data bus and 
the output 
pin (TDO) and between the input pin (RDI) and 
the 
internal 
data bus. Data format 
is as shown 
for the 
NRZ in Figure 12. 
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WAKE·UP 
FEATURE 


In a typical 
multiprocessor 
configuration, 
the software 
protocol 
will 
usually 
identify 
the addressee(s) 
at the be- 
ginning 
of the message. 
To permit 
uninterested 
MPUs to 
ignore 
the remainder 
of the message, 
a wake-up 
feature 
is included, 
whereby 
all further 
SCI receiver 
flag 
(and 
interrupt) 
processing 
can be inhibited 
until 
its data line 
returns 
to the idle state. An SCI receiver 
is re-enabled 
by 
an idle string 
of at least ten (or eleven) consecutive 
ones. 


Software 
for the transmitter 
must provide 
forthe 
required 
idle String 
between 
consecutive 
messages 
and prevent 
it from 
occurring 
within 
messages. 


A second wake-up 
method 
is available 
in which 
sleep- 
ing SCI receivers 
can be awakened 
by a logic one in the 
high-order 
bit of a received 
character. 


RECEIVE DATA IN 


Receive 
data 
in (RDt) is the serial 
data which 
is pre- 
sented 
from 
the input 
pin via the SCI to the receive data 
register 
(RDR). While 
waiting 
for a start bit, the receiver 
samples 
the input 
at a rate 16 times 
higher 
than the set 
baud 
rate. This 
increased 
rate is referred 
to as the 
RT 
rate. When the input (idle) line is detected 
low, it is tested 
for three more sample times. 
If at least two of these three 
samples 
detect 
a logic 
low, 
a valid 
start 
bit is assumed 
to be detected. 
If in two or more samples, 
a logic high is 
detected, 
the line is assumed 
to be idle. The receive clock 
generator 
is controlled 
by the baud rate register 
(see Fig- 
ure 13); however, 
the SCI is synchronized 
by the start bit 
independent 
of the transmitter. 
Once a valid 
start 
bit is 
detected, 
the start bit, each data bit, and the stop bit are 
each sampled 
three times. 
The value 
of the bit is deter- 


mined 
by voting 
logic, which takes the value of a majority 
of samples. 
A noise flag is set when all three samples 
on 
a valid 
start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification 
samples 
do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING 
ERROR 


If there has been a framing 
error (FE) without 
detection 
of a break (10 zeros for 8-bit format 
or 11 zeros for a 9- 
bit format), 
the 
circuit 
continues 
to operate 
as if there 
actually 
were a stop bit, and the start edge will 
be placed 
artificially. 
The last bit received 
in the data shift 
register 
is inverted 
to a logic 
one, and the three 
logic-one 
start 
qualifiers 
are forced 
into the sample 
shift register 
during 
the 
interval 
when 
detection 
of a start 
bit is anticipated; 


therefore, 
the start bit will 
be accepted 
no sooner 
than it 
is anticipated. 


If the 
receiver 
detects 
that 
a break 
(RDRF= 1, FE= 1, 


receiver 
data register = $00) produced 
the framing 
error, 
the start 
bit will 
not 
be artificially 
induced, 
and the 
re- 
ceiver 
must 
actually 
receive 
a logic one before 
start. 


TRANSMIT 
DATA OUT 


Transmit 
data 
out 
(TDO) is the 
serial 
data 
presented 
from 
the transmit 
data register 
(TDR) via the SCI to the 
output 
pin. The transmitter 
generates 
a bit time by using 
a derivative 
of the 
RT clock, 
producing 
a transmission 
rate equal 
to one-sixteenth 
that 
of the 
receiver 
sample 
clock. 


FUNCTIONAL 
DESCRIPTION 


A block diagram 
of the SCI is shown 
in Figure 
13. The 
user has option 
bits in the serial communications 
control 
register 
1 (SCCR1) to determine 
the SCI wake-up 
method 
and 
data 
word 
length. 
Serial 
communications 
control 
register 
2 (SCCR2) provides 
control 
bits that individually 
enable/disable 
the transmitter 
or receiver, 
enable system 
interrupts, 
and provide 
wake-up 
enable, 
and send break 
code 
bits. The baud 
rate register 
bits allow 
the 
user to 
select 
different 
baud 
rates, 
which 
are used 
as the 
rate 
control 
for the transmitter 
and receiver. 
Data transmission 
is initiated 
by a write 
to the serial 
communications 
data 
register 
(SCDAT). 
Provided 
the 
transmitter 
is enabled, 
data stored 
in the SCDAT is trans- 
ferred to the transmit 
data shift register. 
This data transfer 
sets the SCI status 
register 
(SCSR) transmit 
data register 
empty 
(TDRE) bit and generates 
an interrupt 
if the trans- 
mit interrupt 
is enabled. 
Data transfer 
to the transmit 
data 
shift 
register 
is synchronized 
with 
the bit rate clock. All 


data 
is transmitted 
LSB first. 
Upon 
completion 
of data 
• 
transmission, 
the transmission 
complete 
(TC) bit is set 
(provided 
no pending 
data, 
preamble, 
or break code 
is 
sent), and an interrupt 
is generated 
if the transmit 
com- 
plete 
interrupt 
is enabled. 
If the transmitter 
is disabled, 
and the data, preamble, 
or break code has been sent, the 
TC bit will 
also be set, which 
will 
also generate 
an inter- 
rupt if the TCIE bit is set. If the transmitter 
is disabled 
in 
the middle 
of a transmission, 
that character 
will 
be com- 
pleted before the transmitter 
gives up control 
of the TDO 
pin. 


When the SCDAT is read, it contains 
the last data byte 
received, 
provided 
that the receiver 
is enabled. 
The SCSR 
receive data register 
full (RDRF) bit is set to indicate 
that 
a data byte is transferred 
from 
the input 
serial 
shift 
reg- 
ister to the SCDAT, which 
can cause an interrupt 
if the 
receiver 
interrupt 
is enabled. 
Data transfer 
from 
the input 
serial shift 
register 
to the SCDAT is synchronized 
by the 
receiver 
bit rate clock. The SCSR overrun 
(OR I. noise flag 
(NFl. or FE bits are set if data reception 
errors 
occur. 


An idle line interrupt 
is generated 
if the idle line inter- 
rupt is enabled 
and the SCSR IDLE bit (which 
detects 
idle 
line transmission) 
is set. This allows 
a receiver 
that is not 
in the wake-up 
mode to detect the end of a message, 
the 
preamble 
of a new 
message, 
or to resynchronize 
with 
the transmitter. 
A valid character 
must be received 
before 
the idle line condition 
for the 
IDLE bit to be set and for 
an idle line interrupt 
to be generated. 


REGISTERS 


There 
are five 
registers 
used 
in the 
SCI; the 
internal 
configuration 
of these 
registers 
is discussed 
in the fol- 
lowing 
paragraphs. 


Serial 
Communications 
Data Register 
(SCDAn 
$11 


The SCDAT is a read/write 
register 
used to receive and 
transmit 
SCI data. 


1 
6 
5 
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As shown 
in Figure 
13, SCDAT functions 
as two 
sep- 
arate registers. 
The transmit 
data register 
(TDR) provides 
the 
parallel 
interface 
from 
the 
internal 
data bus to the 
transmit 
shift 
register. 
The receive 
data 
register 
(RDR) 
provides 
the interface 
from 
the receive 
shift 
register 
to 
the internal 
data bus. 


R8 


RESET: 


U 
U 
U 
u 


R8 - 
Receive Data Bit 8 
R8 bit provides 
storage 
location 
for the ninth bit in the 
receive data byte (if M = 1). 
T8 - 
Transmit 
Data Bit 8 
T8 bit provides 
storage 
location 
for the ninth bit in the 
transmit 
data byte (if M = 1). 


Serial Communications 
Control 
Register 
1 (SCCR') 
SOE 


The SCCR1 provides 
control 
bits that determine 
word 
length 
and select the wake-up 
method. 


Internal 


Processor 


Clock 
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M - 
SCI Character 
Word 
Length 
1 = one start 
bit, nine 
data 
bits, 
one stop 
bit 
0= one start 
bit, eight 
data 
bits, 
one stop 
bit 
WAKE 
- 
Wake-Up 
Select 
Wake 
bit selects 
the 
receiver 
wake-up 
method. 


1 = Address 
bit (most 
significant 
bit) 
0= Idle line condition 
Bits 0-2, 
and 5 - 
Not 
used 
Can read either 
one or zero 


The address 
bit is dependent 
on both the wake-bit 
and 
the 
M-bit 
level. 
Additionally, 
the 
receiver 
does 
not 
use 
the wake-up 
feature 
unless 
the RWU control 
bit in SCCR2 
is set. 


Wake 
M 
Receiver Wake-Up 


0 
X 
Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRFflag. 


1 
0 
Detection of a received one in the eighth 
data bit allows an RDRFflag and associated 
error flags. 


1 
1 
Detection of a received one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 


Serial 
Communications 
Control 
Register 
2 (SCCR2) $OF 


The SCCR2 provides 
control 
of individual 
SCI functions 
such 
as 
interrupts, 
transmit/receive 
enabling, 
receiver 
wake-up, 
and 
break 
code. 


TIE - 
Transmit 
Interrupt 
Enable 
1 = SCI interrupt 
enabled 
0= TDRE interrupt 
disabled 
TCIE - 
Transmit 
Complete 
Interrupt 
Enable 
1 = SCI interrupt 
enabled 
0= TC interrupt 
disabled 
RIE - 
Receive 
Interrupt 
Enable 
1 = SCI interrupt 
enabled 
0= RDRF and OR interrupts 
disabled 


ILiE - 
Idle Line Interrut 
Enable 
1 = SCI interrupt 
enabled 
0= Idle interrupt 
disabled 
TE - 
Transmit 
Enable 
1 = Transmit 
shift 
register 
output 
is applied 
to the TDO 
line. 
Depending 
upon 
the SCCR1 M bit, a pream- 
ble of 10 (M = 0) or 11 (M = 1) consecutive 
ones is 
transmitted. 


0= Transmitter 
disabled 
after 
last 
byte 
is loaded 
in 
the 
SCDAT 
and 
TDRE 
is set. 
After 
last 
byte 
is 
transmitted, 
TDO line becomes 
a high-impedance 
line. 
RE - 
Receive 
Enable 
1 = Receiver 
shift 
register 
input 
is applied 
to the RDI 
line. 


0= Receiver 
disabled 
and 
RDRF, IDLE, OR, NF, and 
FE status 
bits are inhibited. 


RWU - 
Receiver 
Wake-Up 
1 = Places receiver 
in sleep 
mode 
and enables 
wake- 


up function 
0= Wake-up 
function 
disabled 
after 
receiving 
data 
word 
with 
MSB set (if WAKE = 1) 
Wake-up 
function 
also disabled 
after receiving 
10 
(M = 0) or 11 (M = 1) consecutive 
ones (if WAKE = 0) 
SBK - 
Send 
Break 
1 = Transmitter 
continually 
sends 
blocks 
of zeros (sets 
of 
10 or 
11) until 
cleared. 
Upon 
completion 
of 
break code, transmitter 
sends 
one high bit for rec- 
ognition 
of valid 
start 
bit. 


O=Transmitter 
sends 
10 (M=O) 
or 11 (M=1) 
zeros 
then 
reverts 
to an idle state or continues 
sending 
data. 
If transmitter 
is empty 
and idle, 
setting 
and 
clearing 
the 
SBK bit may 
queue 
up to two 
char- 
acter times 
of break because 
the first 
break trans- 
fers 
immediately 
to 
the 
shift 
register, 
and 
the 
second 
is queued 
into the parallel 
transmit 
buffer. 


Serial 
Communications 
Status 
Register 
(SCSR) $10 


The 
SCSR 
provides 
inputs 
to 
the 
SCI interrupt 
logic 
circuits. 
Noise 
flag 
and 
framing 
error 
bits 
are also 
con- 


tained 
in the SCSR. 


TDRE - 
Transmit 
Data Register 
(TDR) Empty 
1 = TDR contents 
transferred 
to the transmit 
data shift 
register 
0= TDR still contains 
data. TDRE is cleared 
by reading 
the SCSR (with 
TDRE = 1), followed 
by a write 
to 
the TDR. 
TC - 
Transmit 
Complete 
1 = Indicates 
end 
of data 
frame, 
preamble, 
or break 
condition 
has occurred 
0= TC bit cleared 
by reading 
the SCSR (with 
TC = 1), 
followed 
by a write 
to the TDR 
RDRF - 
Receive 
Data Register 
(RDR) Full 
1 = Receive 
data shift 
register 
contents 
transferred 
to 
the RDR 
0= Receive 
data shift 
register 
transfer 
did not occur. 


RDRF 
is cleared 
by 
reading 
the 
SCSR 
(with 
RDRF = 1) followed 
by a read of the RDR 
IDLE - 
Idle Line 
Detect 
1 = Indicates 
receiver 
has detected 
an idle 
line 
0= IDLE is cleared 
by reading 
the SCSR (with 
IDLE = 1), 


followed 
by 
a read 
of 
the 
RDR. 
Once 
IDLE 
is 
cleared, 
IDLE cannot 
be set until 
RDlline 
becomes 
active 
and idle 
again. 
OR - 
Overrun 
Error 
1 = Indicates 
receive 
data shift 
register 
data is sent to 
a full 
RDR (RDRF = 1). Data 
causing 
the 
overrun 
is lost, 
and RDR data 
is not disturbed. 


0= OR is cleared 
by reading 
the SCSR (with 
OR = 1), 


followed 
by a read of the RDR. 
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. 
. 
U"""U 
'''::,'''Ctf!.- 
SCI Baud 
Rate Bit 1 


cnaracter. 
tot: IS set the same t1rM 
RDRF IS set. If 
SCR2 _ 
SCt Baud 
Rate Bit 2 


received 
byte 
caus~s 
both 
framln.g 
and 
overrun 
Three 
baud 
rate bits are used to select the baud rates 


errors, 
processor 
will 
only 
recogmze 
the overrun 
.. 


error. 
Further 
data transfer 
into the RDR is inhib- 
of the 
SCI transmitter 
and. SCI receiver. 
Baud 
rates 


ited 
until 
FE is cleared. 
versus 
bit levels 
are listed 
In Table 
3. 


0= NF is cleared 
by reading 
the SCSR (with 
FE = 1). 


followed 
by a read of the 
RDR. 


Bit 0 - 
Not 
used 
Can read either 
one or zero 


Baud Rate Register 
$00 


The baud 
rate register 
is used 
to select 
the SCI trans- 


mitter 
and receiver 
baud 
rate. SCPO and SCPl 
prescaler 
bits are used in conjunction 
with 
the SCRO through 
SCR2 


baud rate bits to provide 
multiple 
baud rate combinations 


for a given 
crystal 
frequency. 
Bits 3, 6, and 7 always 
read 


zero. 


7 


Tables 
3 and 4 tabulate 
the divide 
chain 
used to obtain 
the 
baud 
rate clock 
(transmit 
clock). 
The 
actual 
divider 
chain is controlled 
by the combined 
SCPO-SCPl and SCRO- 
SCR2 bits 
in the 
baud 
rate register. 
All divided 
frequen- 
cies 
shown 
in Table 
3 represent 
the 
final 
baud 
rate 
re- 
sulting 
from 
the internal 
processor 
clock 
division 
shown 
in the 
divided-by 
column 
only 
(prescaler 
division 
only). 


Table 
4 lists 
the 
prescaler 
output 
divided 
by the 
action 
of the SCI select 
bits (SCRO-SCR2). 
For example, 
assume 
that 
a 9600-Hz 
baud 
rate 
is required 
with 
a 2.4576-MHz 
external 
crystal. 
In this 
case, 
the 
prescaler 
bits 
(SCPO- 
SCP1) could 
be configured 
as a divide-by-one 
or a divide- 
by-four. 
If a divide-by-four 
prescaler 
is used, 
then 
the 
SCRO-SCR2 bits 
must 
be configured 
as a divide-by-two. 
Using 
the 
same 
crystal, 
the 
9600 
baud 
rate can 
be ob- 
tained 
with 
a prescaler 
divide-by-one 
and the SCRO-SCR2 
bits configured 
for a divide-by-eight. 


SCP Bit 
Clock" 
Crystal Frequency MHz 


1 
0 
Divided By 
4.194304 
4.0 
2.4576 
2.0 
1.8432 


0 
0 
1 
131.072 kHz 
125.000 kHz 
76.80 
kHz 
62.50 
kHz 
57.60 kHz 
0 
1 
3 
43.691 kHz 
41.666 kHz 
25.60 
kHz 
20.833 kHz 
19.20 kHz 


1 
0 
4 
32.768 kHz 
31.250 kHz 
19.20 
kHz 
15.625 kHz 
14.40 kHz 


1 
1 
13 
10.082 kHz 
9600 Hz 
5.907 kHz 
4800 Hz 
4430 Hz 


"Refers to the internal processor clock. 


NOTE: The divided 
frequencies 
shown in Table 3 represent baud rates which 
are the highest transmit 
baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division 
using the SCI rate select bits as shown below for some representative 
prescaler outputs. 


SCR Bits 
Divided 
Representative 
Highest Prescaler Baud Rate Output 


2 
1 
0 
By 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 


0 
0 
0 
1 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 


0 
0 
1 
2 
65.536 kHz 
16.384 kHz 
38.40 kHz 
9600 Hz 
4800 Hz 


0 
1 
0 
4 
32.768 kHz 
8.192 kHz 
19.20 kHz 
4800 Hz 
2400 Hz 


0 
1 
1 
8 
16.384 kHz 
4.096 kHz 
9600 Hz 
2400 Hz 
1200 Hz 
1 
0 
0 
16 
8.192 kHz 
2.048 kHz 
4800 Hz 
1200 Hz 
600 Hz 


1 
0 
1 
32 
4.096 kHz 
1.024 kHz 
2400 Hz 
600 Hz 
300 Hz 


1 
1 
0 
64 
2.048 kHz 
512 Hz 
1200 Hz 
300 Hz 
150 Hz 


1 
1 
1 
128 
1.024 kHz 
256 Hz 
600 Hz 
150 Hz 
75 Hz 


NOTE: Table 4 illustrates 
how the SCI select bits can be used to provide lower transmitter 
baud rates by further dividing the prescaler 


output 
frequency. 
The five examples are only representative 
samples. In all cases, the baud rates shown are transmit 
baud 
rates (transmit 
clock). and the receive clock is 16 times higher in frequency than the actual baud rate. 
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The serial peripheral 
interface 
(SPJ) is an interface 
built 
into the MCU which 
allows 
several 
MCUs or MCUs plus 
peripherals 
to be interconnected 
within 
the same 
black 
box. 
In the 
SPI format, 
the clock 
is not included 
in the 
data stream 
and must be furnished 
as a separate 
signal. 


An SPI system 
may consist 
of one master 
MCU and sev- 
eral slaves (Figu re 14) or MCUs that can be either masters 
or slaves. 


Features: 


• 
Full-duplex, 
three-wire 
synchronous 
transfers 
• 
Master 
or slave operation 
• 
1.05 MHz (maximum) 
master 
bit frequency 
• 
2.1 MHz (maximum) 
slave bit frequency 
• 
Four programmable 
master 
bit rates 
• 
Programmable 
clock polarity 
and phase 
• 
End-of-transmission 
interrupt 
flag 
• 
Write 
collision 
flag protection 
• 
Master-master 
mode fault 
protection 
capability 


SIGNAL 
DESCRIPTION 


The four 
basic signals 
(MoSI, 
MISo, 
SCK, and SS) are 
described 
in the following 
paragraphs. 
Each signal func- 
tion 
is described 
for both 
master 
and slave mode. 


Master 
Out, Slave In 
The master 
out, slave 
in (MoSJ) 
line is configured 
as 
an output 
in a master 
device 
and as an input 
in a slave 
device. 
The 
MoSI 
line 
is one of two 
lines that 
transfer 
serial 
data in one direction 
with 
the most significant 
bit 
sent first. 


Master 
In, Slave Out 
The master 
in, slave out 
(MISo) 
line is configured 
as 
an input 
in a master 
device 
and as an output 
in a slave 
device. 
The MISo 
is one of two 
lines that transfer 
serial 
data 
in one direction 
with 
the 
most 
significant 
bit sent 
first. The MISo 
line of a slave device 
is placed 
in a high- 
impedance 
state if slave is not selected 
(SS = 1). 


Serial Clock 
The serial clock (SCK) is used to synchronize 
both data 
in and out of a device via the MoSI 
and MISo 
lines. The 
master 
and slave devices 
can exchange 
a byte of infor- 
mation 
during 
a sequence 
of eight 
clock 
cycles. 
Since 
SCK is generated 
by the master device, this line becomes 
an input 
on a slave device. 


As shown 
in Figure 
15, four 
possible 
timing 
relation- 
ships 
may 
be chosen 
by using 
control 
bits 
CPoL 
and 
CPHA in the serial peripheral 
control 
register (SPCRl. Both 
master 
and slave 
devices 
must 
operate 
with 
the 
same 
timing. 
Two 
bits (SPRO and SPR1) in the SPCR of the master 
device 
select the clock rate. In a slave device, 
SPRO and 
SPR1 have no effect on SPI operation. 


Slave Select 
The slave select (SS) input 
line selects a slave device. 


The SS line must 
be low 
prior 
to data transactions 
and 
must stay low for the duration 
of the transaction. 
The SS 
line on the master 
must 
be tied high; 
if the SS line goes 
low, 
a mode 
fault 
error 
flag 
(MoDF) 
is set in the serial 
peripheral 
status 
register 
(SPSR). 
When 
CPHA=O, 
the 
shift 
clock 
is the 
OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters 
in an SPI message. When CPHA = 1, 


SS must 
go high 
between 
successive 
characters 
in an 
SPI message. 
When 
CPHA = 1, SS may 
be left 
low 
for 
several 
SPI characters. 
In cases where 
there 
is only 
one 
SPI slave 
MCU, the slave 
MCU SS line could 
be tied to 
VSS as long as CPHA= 
1 clock modes 
are used. 


FUNCTIONAL 
DESCRIPTION 


A block diagram 
of the SPI is shown 
in Figure 
16. In a 
master 
configuration, 
the CPU sends a signal to the mas- 
ter start logic, which 
originates 
an SPI clock (SCK) based 
on the internal 
processor 
clock. As a master 
device, 
data 
is parallel 
loaded 
into 
the 
B-bit shift 
register 
from 
the 
internal 
bus during 
a write 
cycle and then serially 
shifted 
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• 


55' (Slaves)l 
r 


•...... -'---'---"---- 
I 
Sample Input 
I 
Data out 
(CPHA = 1) 


Internal 


Processor 
Clock 


Internal 


Data 
Bus 


serial peripheral 
control 
register 
(SPCRl, serial peripheral 
status register 
(SPSRl, and serial peripheral 
data I/O reg- 


ister (SPDRl, are described 
in the following 
paragraphs. 


Serial Peripheral 
Control 
Register 
$OA 


The SPCR provides 
control 
of individual 
SPI functions 
such as interrupt 
and system enabling/disabling, 
master/ 


slave mode 
select, and clock polarity/phase/rate 
select. 


SPIE - 
Serial Peripheral 
Interrupt 
Enable 


1= SPI interrupt 
enabled 
0= SPI interrupt 
disabled 
SPE - 
Serial Peripheral 
System 
Enable 
1= SPI system 
on 
0= SPI system 
off 


via the MOSI pin to the slave devices. 
During a read cycle, 
data is applied 
serially 
from 
a slave device via the MISO 
pin to the 8-bit shift 
register. 
Data is then parallel 
trans- 


ferred 
to the read buffer 
and made 
available 
to the in- 
ternal 
data bus during 
a CPU read cycle. 
In a slave configuration, 
the slave start logic 
receives 
a logic 
low 
at the SS pin and a clock 
input 
at the SCK 
pin. This 
synchronizes 
the slave with 
the master. 
Data 
from the master is received 
serially 
at the slave MOSI pin 
and shifted 
into the 8-bit shift register 
for a parallel trans- 
fer to the read buffer. 
During 
a write cycle, data is parallel 
loaded 
into the 8-bit shift register 
from 
the internal 
data 
bus, awaiting 
the clocks from 
the master 
to shift out se- 
rially 
to the MISO pin and then to the master 
device. 


Figure 
17 illustrates 
the 
MOSI, 
MISO, 
SCK, and 
SS 
master-slave 
interconnections. 


REGISTERS 


There are three registers 
in the SPI that provide 
control, 
status, 
and data storage 
functions. 
These registers, 
the 
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MSTR - 
Master 
Mode 
Select 
1 = Master 
mode 
0= Slave 
mode 
CPOl 
- 
Clock 
Polarity 
Clock 
polarity 
bit controls 
the clock 
value 
and 
is used 
in conjunction 
with 
the clock 
phase 
(CPHA) 
bit. 


1 = SCK line 
idles 
high 
0= SCK line 
idles 
in low 
state 
CPHA - 
Clock 
Phase 
Clock 
phase 
bit 
along 
with 
CPOl 
controls 
the 
clock- 
data 
relationship 
between 
the 
master 
and 
slave 
de- 
vices. 
CPOl 
selects 
one of two 
clocking 
protocols. 


1 = SS is an output 
enable 
control. 


0= Shift 
clock 
is the OR of SCK with 
SS. 


When 
SS is low, 
first 
edge 
of SCK invokes 
first 
data 
sample. 
SPRO, SPR1 - 
SPI Clock 
Rate Bits 
Two 
clock 
rate bits are used to select 
one of four 
clock 
rates 
to 
be used 
as SCK in the 
master 
mode. 
In the 
slave mode, 
the two clock rate bits have no effect. 
Clock 
rate selection 
is shown 
in the following 
table. 
Bit 5 - 
Not 
used 
Can read either 
one or zero 


SPRl 
SPRO 
Internal 
Processor 
Clock Divided By 
a 
a 
2 
a 
1 
4 
1 
a 
16 
1 
1 
32 


Serial 
Peripheral 
Status 
Register 
SOB 


The SPSR contains 
three 
status 
bits. 


RESET: 


o 
0 
0 


SPIF - 
Serial 
Peripheral 
Data Transfer 
Flag 
1 = Indicates 
data transfer 
completed 
between 
pro- 
cessor 
and external 
device. 


(If SPIF = 1 and 
SPIE = 1, SPI interrupt 
is ena- 
bled.) 


O=Clearing 
is accomplished 
by reading 
SPSR (with 
SPIF = 1) followed 
by SPDR access. 


WCOl 
- 
Write 
Collision 
1 = Indicates 
an attempt 
is made 
to write 
to SPDR 
while 
data transfer 
is in process. 


0= Clearing 
is accomplished 
by reading 
SPSR (with 
WCOl= 
1). followed 
by SPDR access. 


MODF - 
Mode 
Fault 
Flag 
1 = Indicates 
multi-master 
system 
control 
conflict. 


0= Clearing 
is accomplished 
by reading 
SPSR (with 
MODF = 1). followed 
by a write 
to the SPCR. 


Bits 0-3, and 
5 - 
Not 
used 
Can read either 
zero or one 


Serial 
Peripheral 
Data 
I/O Register 
$OC 


The SPDR is a read/write 
register 
used to receive 
and 
transmit 
SPI data. 
I 


A write 
to the 
SPDR places 
data 
directly 
into 
the shift 
register 
for transmission. 
Only a write 
to this 
register 
will 
initiate 
transmission/reception 
of another 
byte 
and 
will 
only 
occur 
in the 
master 
device. 
On completion 
of byte 
transmission, 
the SPIF status 
bit is set in both 
master 
and 
slave 
devices. 
A read to the SPDR causes 
the 
buffer 
to be read. 
The 
first 
SPIF status 
bit must 
be cleared 
by the time 
a second 
data 
transfer 
from 
the 
shift 
register 
to 
the 
read 
buffer 
begins, 
or an overrun 
condition 
will exist. In overrun 
cases, 
the byte causing 
the overrun 
is lost. 


The 
MCU 
has a set of 62 basic 
instructions. 
They 
can 
be divided 
into five different 
types: 
register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


This 
MCU 
uses 
all 
the 
instructions 
available 
in 
the 
M146805 
CMOS 
Family 
plus 
one 
more: 
the 
unsigned 
multiply 
(MUl) 
instruction. 
This 
instruction 
allows 
un- 


signed 
multiplication 
of the contents 
of the accumulator 
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then stored 
in the index register, 
and the i~;;';-o~d;~p;~d~ 


uct is stored 
in the accumulator. 
A detailed 
definition 
of 
the MUL instruction 
is shown 
below. 


Operation 
X:A X"A 


Description 
Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


Condition 
H: Cleared 


Codes 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 


Source 
MUL 


Form(s) 
Addressing I 


Mode 
Cycles I 
Bytes I Opcode 


Inherent 
11 
1 
$42 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these instructions 
use two operands. 
One op- 


erand is either the accumulator 
or the index register. 
The 


other operand 
is obtained 
from 
memory 
using one of the 


addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) instructions 
have no register 
operand. 
Refer to the following 
instruction 
list. 


Function 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


READ-MODIFY-WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 
ister, modify 
or test its contents, 
and write 
the modified 
value 
back to 
memory 
or to the 
register. 
The test for 
negative 
or zero (TST) instruction 
is an exception 
to the 


read-modify-write 
sequence 
since it does not modify 
the 


value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (Twos Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic Shift Right 
ASR 


Test for Negative or Zero 
TST 


Multiply 
MUL 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 


tion is met; otherwise, 
no operation 
is performed. 
Branch 


instructions 
are two-byte 
instructions. 
Refer to the fol- 


lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 


Branch if Higher 
BHI 


Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
BHS 


Branch if Carry Set 
BCS 


Branch if Lower 
BLO 


Branch if Not Equal 
BNE 


Branch if Equal 
BEG 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt Mask Bit is Clear 
BMC 


Branch if Interrupt Mask Bit is Set 
BMS 


Branch if Interrupt Line is Low 
BIL 


Branch if Interrupt Line is High 
BIH 


Branch to Subroutine 
BSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU is capable of setting 
or clearing 
any writable 


bit which 
resides 
in the first 
256 bytes 
of the 
memory 
space where 
all port 
registers, 
port 
DDRs, timer, 
timer 
control, 
ROM. and on-chip 
RAM 
reside. 
An 
additional 
feature allows the software 
to test and branch on the state 
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of any bit within 
these 256 locations. 
The bit set, bit clear 
and 
bit test, 
and branch 
functions 
are all implemented 
with a single 
instruction. 
For test and branch instructions, 


the value 
of the bit tested 
is also placed 
in the carry bit 


of the condition 
code register. 
Refer to the following 
list 
for bit manipulation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O . . . 7) 


Branch if Bit n is Clear 
BRCLR n In=O ... 
7) 


Set Bit n 
BSET n In =0 . .. 7) 


Clear Bit n 
BCLR n In=O . .. 7) 


CONTROL INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 


and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer to the following 
list for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


Clear Interrupt 
Mask Bit 
CLI 


Software 
Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


Stop 
STOP 


Wait 
WAIT 


OPCODE MAP SUMMARY 


Table 5 is an opcode 
map for the instructions 
used on 


the MCU. 


The MCU uses ten different 
addressing 
modes to pro- 
vide the programmer 
with an opportunity 
to optimize 
the 


code for all situations. 
The various 
indexed 
addressing 
modes 
make it possible 
to locate data tables, 
code con- 
version 
tables, 
and scaling tables anywhere 
in the mem- 


ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions; 
the longest 
instructions 
(three bytes) permit 
accessing 
tables throughout 
memory. 
Short and long ab- 
solute 
addressing 
is also included. 
One- or two-byte 
di- 
rect addressing 
instructions 
access all data bytes in most 


applications. 
Extended 
addressing 
permits 
jump 
instruc- 


tions 
to reach all memory. 
The term "effective 
address" 
(EA) is used in describing 
the various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the 
address 
from 
which 
the argument 
for 
an 


instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, the operand 
is con- 
tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access constants 
that 
do not 
change 
during 
program 
execution 
(e.g., a 


constant 
used to initialize 
a loop counter). 


DIRECT 


In the direct addressing 
mode, the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct addressing 
allows the user to directly 
address 
the lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, the effective 
address 
of the argument 
is contained 
in the two 
bytes following 
the opcode 
byte. Instructions 
with 
extended 
addressing 
mode are capable of referencing 
arguments 
anywhere 
in 
memory 
with a single three-byte 
instruction. 
When using 
the Motorola 
assembler, the user need not specify whether 


an instruction 
uses direct 
or extended 
addressing. 
The 


assembler 
automatically 
selects the shortest 
form 
of the 
instruction. 


RELATIVE 


The relative 
addressing 
mode 
is only 
used in branch 


instructions. 
In relative 
addressing, 
the contents 
of the a- 


bit signed 
byte (the offset I following 
the opcode 
is added 
to the PC if, and only 
if, the branch 
conditions 
are true. 
Otherwise, 
control 
proceeds 
to the next instruction. 
The 


span of relative 
addressing 
is from 
-126 
to + 129 from 
the opcode 
address. The programmer 
need not calculate 


the offset 
when 
using 
the Motorola 
assembler, 
since 
it 
calculates 
the proper 
offset 
and checks to see that 
it is 
within 
the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, 
no offset addressing 
mode, the effective 


address 
of the argument 
is contained 
in the' a-bit 
index 


register. 
This addressing 
mode 
can access the first 256 
memory 
locations. 
These instructions 
are only one byte 
long. This mode is often 
used to move a pointer 
through 
a table or to hold the address 
of a frequently 
referenced 
RAM or 1/0 location. 


INDEXED, a-BIT OFFSET 


In the 
indexed, 
a-bit 
offset 
addressing 
mode, 
the ef- 


fective address is the sum of the contents 
of the unsigned 


a-bit index 
register 
and the unsigned 
byte following 
the 


opcode. 
The addressing 
mode 
is useful for selecting 
the 


Kth element 
in an n element 
table. 
With 
this 
two-byte 


instruction, 
K would 
typically 
be in X with 
the address 
of 
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Inherent 
Accumulator 
Index 
Register 
Immedtate 
Direct 
Extended 
R_tive 
Bit Setl Clear 
Bit Test and Branch 
Indexed 
(No Offse.1 
Indexed. 
1 Byte 18-B,.1 Offset 


Indexed. 
2 Byte 116-B,.1 Offset 


the 
beginning 
of the table 
in the 
instruction. 
As such, 
tables 
may begin anywhere 
within 
the first 256 address- 
able 
locations 
and could 
extend 
as far as location 
510 
($1FE is the 
last location 
at which 
the instruction 
may 
begin). 


INDEXED, 
16-BIT OFFSET 


In the indexed, 
16-bit offset 
addressing 
mode, 
the ef- 
fective address is the sum of the contents 
of the unsigned 
8-bit index register 
and the two unsigned 
bytes following 
the opcode. 
This address 
mode can be used in a manner 
similar 
to indexed, 
8-bit offset except that this three-byte 
instruction 
allows 
tables to be anywhere 
in memory. 
As 
with 
direct 
and extended 
addressing, 
the 
Motorola 
as- 


sembler 
determines 
the 
shortest 
form 
of 
indexed 
ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear 
addressing 
mode, 
the bit to be set 
or cleared 
is part of the opcode, 
and the byte following 
the opcode 
specifies 
the direct addressing 
of the byte in 
which 
the specified 
bit is to be set or cleared. 
Any read/ 


write 
bit in the first 256 locations 
of memory, 
including 
I/O, can be selectively 
set or cleared 
with 
a single 
two- 


byte instruction. 


The bit test and branch 
addressing 
mode 
is a combi- 
nation 
of direct 
addressing 
and relative 
addressing. 
The 
bit that 
is to be tested 
and its condition 
(set or clear). 
is 
included 
in the opcode. 
The address 
of the 
byte to be 
tested 
is in the 
single 
byte 
immediately 
following 
the 
opcode 
byte. The signed 
relative 
8-bit offset 
in the third 
byte is added to the PC if the specified 
bit is set or cleared 
in the specified 
memory 
location. 
This single 
three-byte 
instruction 
allows 
the program 
to branch 
based on the 
condition 
of any readable 
bit in the first 256 locations 
of 
memory. 
The span of branching 
is from 
-125 
to + 130 
from 
the opcode 
address. 
The state of the tested 
bit is 
also transferred 
to the 
carry 
bit of the 
condition 
code 
register. 


In the inherent 
addressing 
mode, 
all the information 
necessary 
to execute 
the instruction 
is contained 
in the 
opcode. 
Operations 
specifying 
only the index 
register 
or 
accumulator 
as well 
as the control 
instruction 
with 
no 
other 
arguments 
are included 
in this 
mode. 
These 
in- 
structions 
are one byte long. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VDD 
-0.3to+7.0 
V 


Input Voltage 
Vin 
VSS -0.3 to 
V 
VDD +0.3 


Self-Check Mode IIRQ Pin Only) 
Vin 
VSS-0.3 
to 
V 
2 xVDD+0.3 


Current Drain Per Pin Excluding 
I 
25 
mA 
VDD and VSS 


Operating Temperature Range 
TA 
TL to TH 
°C 
MC68HC05C4P,FN (Standard) 
o to + 70 
MC68HC05C4CP,CFN (Extended) 
-40 to +85 
MC68HC05C4MP,MFN (Automotive) 
-40 to +125 


Storage Temperature Range 
Tsto 
-65 to + 150 
°C 


Characteristic 
Symbol 
Value 
Unit 


Thermal Resistance 
HJA 
°CIW 
Plastic 
60 
Plastic Leaded Chip Carrier IPLCC) 
70 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Vout be 
constrained to the range VSS '" IVin or Vout) '" 
VDD. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level le.g., either VSS or VDD). 
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t'UWER 
CONSIDERATIONS 
The average chip-junction 
temperature, TJ' in 'C can 
be obtained from: 


TJ=TA+(PooOJA) 
(1) 
where: 
TA 
°JA 


Po 
PINT 
PliO 


= Ambient Temperature, 'C 
= Package Thermal Resistance, 
Junction-to-Ambient. 
'CIW 


= PINT+PI/O 
= ICCx VCC. Watts - 
Chip Internal Power 


= Power Dissipation on Input and Output 
Pins - 
User Determined 


Pins 
Rl 
R2 
C 


PAO-PA7, 
3.26 kll 
2.38 kll 
50 pF 
PBO-PB7, 
PCO-PC7, 
PD'-PD4 


PDO,PD5, PD7 
'.9 kll 
2.26 kll 
200 pF 


Pins 
R' 
R2 
C 


PAO·PA7, 
10.91 kll 
6.32 kll 
50 pF 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 


PDO, PD5, PD7 
6 kll 
6 kll 
200 pF 


For most applications PI/O<PINT and can be neglected. 


The following 
is an approximate relationship between 
Po and TJ (if PliO is neglected): 
Po = K.;.(TJ + 273'C) 
(2) 
Solving equations (1) and (2) for K gives: 


K = Po 
0 (TA + 273'C) + "JAop02 
(3) 
where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Po 
(at equilibrium) 
for a known TA- Using this value of K, 
the values of Po and TJ can be obtained by solving equa- 
tions (1) and m iteratively for any value of TA. 


C 
ISee 
Tablel 
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DC ELECTRICAL CHARACTERISTICS 


(VDD=5.0 
Vdc± 
10%, 
VSS~O 
Vdc, 
TA=TL 
to TH, unless 
otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output 
Voltage, 
ILoad'" 
10.0 flA 
VOL 
- 
- 
0.1 
V 


VOH 
VDD-O.l 
- 
- 


Output 
High 
Voltage 
VOH 
V 


(I Load = 0.8 mAl 
PAO·PA7, 
PBO·PB7, 
PCO·PC7, TCMP 
(see Figure 
19) 
VDD-0.8 
- 
- 


IILoad 
= 1.6 mAl 
PD1·PD4 
(see 
Figure 
20) 
VDD-0.8 
- 
- 


Output 
Low 
Voltage 
(see 
Figure 
21) 
VOL 
- 
- 
0.4 
V 


(ILoad= 
1.6 mAl 
PAO·PA7, 
PBO·PB7, 
PCO·PC7, 
PD1·PD4, 
TCMP 


Input 
High 
Voltage 
- 
VIH 
0.7 x VDD 
- 
VDD 
V 


PAQ·PA7, 
PBO·PB7, 
PCO·PC7, 
PDO·PD5, 
PD7, 
TCAP, 
IRQ, 


RESET,OSC1 


Input 
Low 
Voltage 
- 
VIL 
VSS 
- 
0.2 x VDD 
V 


PAO·PA7, 
PBO·PB7, 
PCO·PC7, 
PDO·PD5, 
PD7, 
TCAP, 
IRQ, 


RESET,OSC1 


Data 
Retention 
Mode 
(0° to 70°C) 
VRM 
2.0 
- 
- 
V 


Supply 
Current 
(see 
Notesl 
IDD 
Run 
(see 
Figures 
22 and 
23) 
- 
35 
7.0 
mA 


Wait 
(see 
Figures 
22 and 
23) 
- 
1.6 
4.0 
mA 


Stop 
(see 
Figure 
231 


25°C 
- 
2.0 
50 
flA 


a" to 70°C (Standard) 
- 
- 
140 
flA 


- 40° to 
+ 85°C 
- 
- 
180 
flA 


-40" 
to 
+ 125°C 
- 
- 
250 
flA 


I 0 Ports 
Hi·Z 
Leakage 
Current 
IlL 
- 
- 
±10 
flA 
PAQ·PA7, 
PBO·PB7, 
PCO·PC7, 
PD1·PD4 


Input 
Current 
lin 
- 
- 
±1 
flA 
RESET, 
IRQ, TCAP, 
OSC1, 
PDO, PD5, 
PD7 


Capacitance 
pF 
Ports 
(a'LJrrput 
or Output) 
Cout 
- 
- 
12 
RESET, 
IRQ, TCAP, 
PDO·PD5, 
PD7 
Cin 
- 
- 
8 


NOTES: 


1. All values shown reflect average measurements. 


2. 
Typical 
values 
at midpoint 
of voltage 
range, 
25°C only. 


3. 
Wait 
IDD: 
Only 
timer 
system 
active 
(SPE = TE = RE ~ 0). If SPI, SCI active 
(SPE = TE = RE = 1) add 
10% current 
draw. 


4. 
Run 
(Operating) 
IDD, 
Wait 
IDD: 
Measured 
using 
external 
square 
wave 
clock 
source 
(fosc~4.2 
MHz), 
all 
inputs 
0.2 V from 
rail; 


no dc loads, 
less 
than 
50 pF on 
all outputs, 
CL = 20 pF on 
OSC2. 
5. 
Wait, 
Stop 
IDD: 
All 
ports 
configured 
as inputs, 
VIL ~ 0.2 V, VIH ~ VDD - 0.2 V. 
6. 
Stop 
IDD measured 
with 
OSC1 = VSS. 


7. 
Standard 
temperature 
range 
is 0° to 
70°C. 
Extended 
temperature 
(-40° 
to 
+ 85°C, 
-40° 
to 
+ 125°C) 
versions 
and 
a 25°C 
only 


version 
are 
available. 


8. 
Wait 
IDD 
is aHected 
linearly 
by the 
OSC2 
capacitance. 
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DC ELECTRICAL CHARACTERISTICS 
(VOO=3.3 Vdc:tl0%, 
VSS=O Vdc, TA=TL 
to TH' unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, ILoad<;;10.0 /LA 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-O.l 
- 
- 


Output High Voltage 
VOH 
V 
(ILoad =0.2 mAl PAO-PA7,PBO-PB7,PCO-PC7,TCMP (see Figure 19) 
VOO-0.3 
- 
- 
(ILoad= 1.6 mAl P01-P04 (see Figure 201 
VOO-0.3 
- 
- 


Output Low Voltage (see Figure 21) 
VOL 
- 
- 
0.3 
V 
(ILoad=0.4 
mAl PAO-PA7, PBO-PB7,PCO-PC7,P01-P04, TCMP 


Input High Voltage 
- 
VIH 
0.7xVOO 
- 
VOO 
V 


PAO-PA7, PBO-PB7,PCO-PC7,POO-POS,P07, TCAP, IRQ, 
RESET,OSCl 


Input Low Voltage 
- 
VIL 
VSS 
- 
0.2 x VOO 
V 
PAO-PA7, PBO-PB7,PCO-PC7,POO-POS,P07, TCAP, IRQ, 
RESET,OSCl 


Oata Retention Mode (0· to 70·C) 
VRM 
2.0 
- 
- 
V 


Supply Current (see Notesl 
100 
Run (see Figures 22 and 24) 
- 
1.0 
2.S 
mA 
Wait (see Figures 22 and 24) 
- 
O.S 
1.4 
mA 
Stop (see Figure 24) 


2S·C 
- 
1.0 
30 
/LA 
O· to 70"C (Standard) 
- 
- 
80 
/LA 


-40· 
to +8S·C 
- 
- 
120 
/LA 


-40· 
to + 12S·C 
- 
- 
17S 
/LA 


I/O Ports Hi-Z Leakage Current 
IlL 
- 
- 
:tl0 
/LA 
PAO-PA7, PBO-PB7,PCO-PC7,P01-P04 


Input Current 
lin 
- 
- 
:tl 
/LA 
RESET, IRQ, TCAP, OSC1, POO,POS, P07 


Capacitance 
pF 
Ports (a~ut 
or Output) 
Cout 
- 
- 
12 


RESET, IRQ, TCAP, POO-POS,P07 
Cin 
- 
- 
8 


NOTES: 


1. All values shown reflect average measurements. 
2. Typical values at midpoint 
of voltage range, 2S·C only. 


3. Wait 100: Only timer system active (SPE= TE = RE= 0). If SPI, SCI active (SPE= TE = RE= 1) add 10% current draw. 
4. Run (Operating) 
100, Wait 100: Measured using external square wave clock source (fosc=4.2 
MHzl, all inputs 0.2 V from rail; 


no de loads, less than SOpF on all outputs, CL= 20 pF on OSC2. 


S. Wait, Stop 100: All ports configured 
as inputs, VIL = 0.2 V, VIH = VOO- 0.2 V. 


6. Stop 100 measured with OSCl = VSS. 
7. Standard temperature 
range is O· to 70·C. Extended temperature 
(- 40· to + 8S·C, - 40· to + 12S·CI versions and a 2S·C only 


version are available. 


8. Wait 100 is affected linearly by the OSC2 capacitance. 
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CONTROL 
TIMING 
(VOO=5.0 Vdc±10%. 
VSS~O Vdc. TA=TL 
to TH) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fosc 
MHz 
Crystal Option 
- 
4.2 


External Clock Option 
dc 
4.2 


Internal Operating 
Frequency 
fop 
MHz 
Crystal (fosc" 
2) 
- 
2.1 


External Clock (fosc" 
2) 
dc 
2.1 


Cycle Time (see Figure 28) 
tcvc 
480 
- 
ns 


Crystal Oscillator 
Startup Time (see Figure 28) 
tOXOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 
tlLCH 
- 
100 
ms 


RESET Pulse Width (see Figure 28) 
tRL 
1.5 
- 
tCYC 


Timer 
Resolution"'''' 
tRESL 
4.0 
- 
tcyc 


Input Capture Pulse Width (see Figure 26) 
tTH. tTL 
125 
- 
ns 


Input Capture Pulse Period (see Figure 26) 
tTLTL 
'" 
- 
tcvc 


Interrupt 
Pulse Width Low (Edge-Triggered) 
(see Figure 8) 
tlLlH 
125 
- 
ns 


Interrupt 
Pulse Period (see Figure 8) 
tlLlL 
, 
- 
tcvc 


OSC1 Pulse Width 
tOH.tOL 
90 
- 
ns 


'The 
minimum 
period tlLlL should not be less than the number of cycle times it takes to execute the interrupt 
service routine plus 


21 tcyc. 
**Since a 2-bit prescaler in the timer must count four internal cycles (tcycl, this is the limiting minimum factor in determining the 


timer resolution. 


'''The 
minimum 
period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt 
service 


routine plus 24 tcyc. 


ose,' ~IIIIIIIIIII 
~1111111111; 


tRL 


Internal~~~-------~ 


Add~~: XXXXXXXX~ 


RESET 
or Interrupt 


Vector 
Felch 
NOTES 


1 
Represents 
the Internal 
gating 
of the 05Cl 
pin 


2 
IRQ 
pin edge-senSitive 
mask. option 


3 
IRQ 
pm level 
and 
edge-senSitive 
mask 
option. 


4 
RESET 
vector 
address 
shown 
for 
timing 
example 
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CONTROL 
TIMING 
(VOO=3.3 Vdc± 10%, VSS=O Vdc, TA =Tl to TH) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency of Operation 
fosc 
MHz 
Crystal Option 
- 
2.0 
External Clock Option 
de 
2.0 


Internal Operating Frequency 
fop 
MHz 
Crystal (fosc -;-2) 
- 
1.0 
External Clock (fosc -;-21 
de 
1.0 


Cycle Time (see Figure 281 
tcvc 
1000 
- 
ns 


Crystal Oscillator Startup Time (see Figure 28) 
toxOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillatorl (see Figure 25) 
tilCH 
- 
100 
ms 


RESETPulse Width - 
Excluding Power-Up (see Figure 28) 
tRl 
1.5 
- 
tcvc 


Timer 
Resolution** 
tRESl 
4.0 
- 
tcyc 
Input Capture Pulse Width (see Figure 26) 
tTH, tTl 
250 
- 
ns 
Input Capture Pulse Period (see Figure 26) 
tTlTl 
""" 
- 
tcvc 


Interrupt Pulse Width low (Edge-Triggeredl (see Figure 8) 
tlllH 
250 
- 
ns 


Interrupt Pulse Period (see Figure 81 
tllll 
" 
- 
tcvc 


OSC1 Pulse Width 
tOH, tOl 
200 
- 
ns 


"The minimum period tllll 
should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 tcyc- 
**Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the 
timer resolution. 
"""The 
minimum 
period tTl Tl should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 


External 
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I--tTLTL-j 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 


(VDD=5.0 
Vdc±10%, 
vSS=O 
Vdc, TA=TL 
to THI (see Figure 27) 


Num. 
Characteristic 
Symbol 
Min 
Max 
Unit 


Operating 
Frequency 


Master 
fop(m) 
dc 
0.5 
fop 
Slave 
fools) 
dc 
2.1 
MHz 


1 
Cycle Time 
Master 
tcyclm) 
20 
- 
tcyc 


Slave 
tcvc(s) 
480 
- 
ns 


2 
Enable Lead Time 


Master 
tleadlml 
. 
- 
ns 


Slave 
tleadls) 
240 
- 
ns 


3 
Enable Lag Time 
Master 
tlaglm) 
. 
- 
ns 


Slave 
tlaols) 
240 
- 
ns 


4 
Clock ISCK) High Time 
Master 
twISCKH)m 
340 
- 
ns 


Slave 
twlSCKHls 
190 
- 
ns 


5 
Clock ISCK) Low Time 
Master 
twlSCKLIm 
340 
- 
ns 


Slave 
twlSCKLls 
190 
- 
ns 


6 
Data Setup Time (Inputs) 
Master 
tsulm) 
100 
- 
ns 


Slave 
tsu(sl 
100 
- 
ns 


7 
Data Hold Time (Inputs) 
Master 
th(m) 
100 
- 
ns 


Slave 
thIs) 
100 
- 
ns 


8 
Access Time (Time to Data Active from High-Impedance 
State) 


Slave 
ta 
0 
120 
ns 


9 
Disable Time IHoid Time to High-Impedance 
State) 


Slave 
tdis 
- 
240 
ns 


10 
Data Valid 
Master IBefore Capture Edge) 
tvlml 
0.25 
- 
tcyclml 


Slave IAfter Enable Edge)" 
tvls) 
- 
240 
ns 


11 
Data Hold Time (Outputs) 


Master (After Capture Edge) 
(ho(m) 
025 
- 
tcyclm) 


Slave IAfter Enable Edge) 
thols) 
0 
- 
ns 


12 
Rise Time 120%VDD to 70% VDD, CL = 200 pF) 


SPI Outputs (SCK, MOSI, and MISOL 
trm 
- 
100 
ns 


SPI Inputs ISCK, MOSI, MISO, and SS) 
trs 
- 
2.0 
fJ.s 


13 
Fall Time (70% VDD to 20% VDD, CL = 200 pFI 


SPI Outputs ISCK, MOSI, and MISOL 
tfm 
- 
100 
ns 


SPI Inputs ISCK, MOSI, MISO, and SS) 
tfs 
- 
2.0 
fJ.S 


*Signal 
production 
depends 
on software. 
"Assumes 
200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 


(VDD = 3.3 Vdc:t 10%, VSS =0 Vdc, TA = TL to TH) (see Figure 27) 


Num. 
Characteristic 
Symbol 
Min 
Max 
Unit 


Operating 
Frequency 
Master 
fop(m) 
de 
0.5 
fop 
Slave 
fop(s) 
de 
1.0 
MHz 


1 
Cycle Time 
Master 
tcyc(m) 
2.0 
- 
tcyc 
Slave 
tcvc(s) 
1.0 
- 
fLs 


2 
Enable Lead Time 
Master 
tlead(m) 
, 
- 
ns 
Slave 
tlead(s) 
500 
- 
ns 


3 
Enable Lag Time 
Master 
tlag(m) 
, 
- 
ns 
Slave 
tlaa(s) 
500 
- 
ns 


4 
Clock (SCK) High Time 


Master 
tw(SCKH)m 
720 
- 
fLS 
Slave 
tw(SCKH)s 
400 
- 
ns 


5 
Clock (SCK) Low Time 
Master 
tw(SCKL)m 
720 
- 
fLs 
Slave 
tw(SCKL)s 
400 
- 
ns 


6 
Data Setup Time (Inputs) 


Master 
tsu(m) 
200 
- 
ns 
Slave 
tsu(s) 
200 
- 
ns 


7 
Data Hold Time (Inputs) 


Master 
th(m) 
200 
- 
ns 
Slave 
this) 
200 
- 
ns 


8 
Access Time (Time to Data Active from High-Impedance 
State) 
Slave 
ta 
0 
250 
ns 


9 
Disable Time (Hold Time to High-Impedance 
State) 


Slave 
tdis 
- 
500 
ns 


10 
Data Valid 
Master (Before Capture Edge) 
tv(m) 
0.25 
- 
tcyc(m) 
Slave (After Enable Edge)" 
tv(s) 
- 
500 
ns 


11 
Data Hold Time (Outputs) 


Master (After Capture Edge) 
tho(m) 
0.25 
- 
tcyc(m) 
Slave (After Enable Edge) 
tho(s) 
0 
- 
ns 


12 
Rise Time (20% VDD to 70% VDD, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MIS0.L 
trm 
- 
200 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
trs 
- 
2.0 
fLS 


13 
Fall Time (70% VDD to 20% VDD, CL= 200 pF) 


SPI Outputs (SCK, MOSI, and MIS0.L 
tfm 
- 
200 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
tfs 
- 
2.0 
fLS 


*Signal 
production 
depends 
on software. 


"Assumes 
200 pF load on all SPI pins. 
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05Cl 
* * 


3=:0-l0:u 
Internal 
0 
Processor 
> 
Clock* 


3=:n 
w 
:u 
Internal 
00 
0 
Address 


CO 
"tI 
Bus* 
en 
:u00men 
en 
Internal 
0 
Data 
:u 
Bus* 
C» 
-l» 


RESET 


• 


I 
VDD Threshold 11-2 V TYPlcall 


I 
I 
J~"""V{-/ 
/-0-/-1/-/-/ /-//-/-1/-/-7Z-7Z-/-//-/-//-/-1/-//-/~//-/-0-0-/-//-/-/ /-0-/-0-/-/ /-/~///- 


i 
I 


110XDV 
4064 lcyc I 
I 
I 
I 
I" 
~I' 
~I 
:: 
~ICYC1 


* Internal timing signal and bus information 
not avaIlable externally 


* * 05Cl 
line is not meant to represent frequency. 
It ISonly used to represent time 


* * * The next rising edge of the internal procesSor clock followmg 
the rising edge of ~ 
Inillates the reset sequence 


The following 
information 
is required 
when 
ordering 
a 
custom 
MCU. The information 
may be transmitted 
to Mo- 
torola 
in the following 
media: 


MDOS®, 
disk file 
MS®-DOS/PC-DOS 
disk file 
(360K) 
EPROM(s) 
2764, MCM68764, 
MCM68766, 
or EEPROM 
MC68HC805C4 
To initiate 
a ROM 
pattern 
for the 
MCU, 
it is necessary 
to first contact 
the local field 
service 
office, 
a sales person, 
or a Motorola 
representative. 


FLEXIBLE 
DISKS 


A flexible 
disk 
(MS-DOS/PC-DOS 
disk 
file), 
pro- 
grammed 
with 
the 
customer's 
program 
(positive 
logic 
sense for address 
and data), may be submitted 
for pattern 
generation. 
The 
diskette 
should 
be clearly 
labeled 
with 
the customer's 
name, 
data, 
project 
or product 
name, 
and 
the 
name 
of the file 
containing 
the pattern. 
In addition 
to the program 
pattern, 
a file containing 
the 
program 
source 
code 
listing 
can be included. 
This 
data 
will 
be kept confidential 
and used to expedite 
the process 
in case of any difficulty 
with 
the 
pattern 
file. 


MS-DOS/PC-DOS 
Disk 
File 


MS-DOS 
is Microsoft's 
Disk Operating 
System. 
PC-DOS 
is the IBM® Personal 
Computer 
(PC) Disk Operating 
Sys- 
tem. 
Disk media 
submitted 
must 
be a standard 
density 


(360K) double-sided 
5 1 4 inch compatible 
floppy 
diskette. 
The diskette 
must 
contain 
object 
file 
code 
in Motorola's 
S-record 
format. 
The S-record 
format 
is a character-based 
object 
file format 
generated 
by M6805 
cross 
assemblers 
and 
linkers 
on IBM PC style 
machines. 


EPROMs 


A 2764, 
68764, 
or 
68766 
type 
EPROM, 
programmed 
with 
the 
customer's 
program 
(positive 
logic 
sense 
for 
address 
and datal, 
may 
be submitted 
for 
pattern 
gener- 
ation. 
Since 
all program 
and data space 
information 
will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must 
be programmed 
as described 
in the following 
par- 


agraphs. 


For an MC68HC805C4 
MCU 
start 
the 
page 
zero, 
user 
ROM at EEPROM address 
$0020 through 
$004F. Start the 
user ROM at EEPROM 
address 
$0100 through 
$10FF with 
vectors 
from 
$1 FF4 to $1 FFF. All unused 
bytes, 
including 
the 
user's 
space, 
must 
be set to zero. 
For Shipment 
to 
Motorola, 
EPROMs 
should 
be placed 
in a conductive 
IC 
carrier 
and packed 
securely. 
Styrofoam 
is not acceptable 
for shipment. 


Verification 
Media 


All original 
pattern 
media 
(EPROMs 
or floppy 
disks) 
are 
filed 
for 
contractual 
purposes 
and 
are 
not 
returned. 
A 
computer 
listing 
of the ROM code will 
be generated 
and 
returned 
along 
with 
a listing 
verification 
form. 
The listing 
should 
be thoroughly 
checked, 
and the verification 
form 
should 
be completed, 
signed, 
and returned 
to Motorola. 


The signed 
verification 
form 
constitutes 
the 
contractual 


agreement 
for the creation 
of the customer 
mask. 
To aid 


in the 
verification 
process, 
Motorola 
will 
program 
cus- 
tomer 
supplied 
blank 
EPROM(s) 
or DOS disks 
from 
the 
data file 
used to create 
the custom 
mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs containing 
the customer's 
ROM pattern 
will 


be sent 
for 
program 
verification. 
These 
units 
will 
have 
been 
made 
using 
the custom 
mask, 
but are for the 
pur- 
pose of ROM verification 
only. 
For expediency, 
the MCUs 
are unmarked, 
packaged 
in ceramic, 
and tested 
with 
five 
volts 
at room 
temperature. 
These 
RVUs are free with 
the 
minimum 
order 
quantity, 
but 
are not 
production 
parts. 
RVUs are not backed 
or guaranteed 
by Motorola 
Quality 
Assurance. 


The following 
table 
provides 
ordering 
information 
per- 
taining 
to the package 
type, 
temperature, 
and 
MC order 
numbers 
for the MC68HC05C4 
device. 


Package Type 
Temperature 
Me Order Number 


Plastic 
O·Cto + 70·C 
MC68HC05C4P 


IP Suffix) 
- 40·C to + 85·C 
MC68HC05C4CP 


-40· 
to + 105·C 
MC68HC05C4VP 


- 40·C to + 125·C 
MC68HC05C4MP 


PLCC 
O·Cto + 70·C 
MC68HC05C4FN 


(FN Suffix) 
- 40·C to + 85·C 
MC68HC05C4CFN 


- 40·C to + 105·C 
MC68HC05C4VFN 


- 40·C to + 125·C 
MC68HC05C4MFN 


MDOS is a trademark 
of Motorola 
Inc. 


MS is a trademark 
of Microsoh. 
Inc. 


IBM is a registered trademark of International Business Machines Corporation. 
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RESET 
1 


iRO 


NC 


Voo 


OSCI 


OSC2 


37 
TCAP 


36 
P07 


35 
TCMP 


34 
Po5/SS 


33 
PD4/SCK 


32 
Po3/MOSI 


31 
Po2/MISo 


:JJ 
POI/TOO 


29 
PDQ/Rol 


PCO 


PCl 


PC2 


PC3 


PC4 


PC5 


PA2 
9 


PAl 
10 


PAO 
11 


PBO 
12 


PBl 


PB2 


PB3 


PB4 


PB5 


PB6 


PB7 


VSS 


I~ _N 
0.. 


(0,.... 
en 
ouu<e( 
««UUI~w 
O(l)(I)UU 
Q..Q..ZZ_a::>OO~Z 


P07 


TCMP 
PD5/SS 
PD4/SCK 
Po3/MOSI 


Po2/MISO 
POl/TOO 
PnQ/Rol 
PL0 


PCl 
PC2 


PA5 
7 


PA4 
PA3 


PA2 
PAl 


PAO 
PBO 
PBl 
PB2 
PB3 
PB4 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C8 (HCMOS) microcontroller 
unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. 
This high-performance, 
low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information 
on the MCU; for 
more detailed information, 
contact your local Motorola sales office. 


The following 
block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 


• 
On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 


• 
Memory-Mapped 
I/O 
• 
176 Bytes of On-Chip RAM 
• 
7740 Bytes of User ROM 
• 
24 Bidirectional I/O lines and 7 Input-Only lines 
• 
Serial Communications 
Interface (SCI) System 
• 
Serial Peripheral Interface (SPI) System 
• 
Self-Check Mode 
• 
Power-Saving STOP, WAIT, and Data Retention Modes 
• 
Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
• 
Fully Static Operation 
• 
8 x 8 Unsigned Multiply Instruction 
• 


t 
Internal 
•. 
t 
I 
I 


e,~", 
I 
~e 
._- 
TCAP 
Timer 
Clock 
Oscillator 
Processor 


I 


System 
I 
~~ 
Clock 
RESET 
• 


IRQ 


PAD 
PCO 


PAl 
Accumulator 
PCI 


A2 
CPU 
PC2 


PA3 
Port 
Data 
Index 
Control 
Data 
Port 
PC3 


PA4 
A 
DO< 
RegIster 
DO< 
C 
PC4 


PA5 
Reg 
Reg 
Reg 
Reg 
PCS 


PA6 
Condition 
PeG 


PA7 
Code 
PC7 
Register 


CPU 


PBD 
Stack 
•.... 
Port 0 
PD7 


PBI 
POinter 


RDIIPDOI 
PB2 
Program 
•.... 
SCI 
TDOIPDll 


PB3 
Port 
Data 
Counter 
MISOIPD21 


PB4 
B 
Do< 
High 
ALU 
MQSIIPD 
J 


PB5 
Reg 
Reg 
Program 
•.... 
SPI 
SCK 
IPD4I 


PB6 
Counter 
SS IPD5J 
PB7 
Low 


Baud 
Rate 


1 
Generator 
T 
T 
t 


7740 x 8 


I 


176x 8 


I 


Internal 


ROM 
Static 
Processor 


RAM 


240 x 8 
Clock 


Self-Check 


ROM 


MOTOROLA MICROPROCESSOR DATA 


3·899 


II 


The signal 
descriptions 
of the 
MCU are discussed 
in 
the following 
paragraphs. 


VDD AND VSS 


Power 
is supplied 
to the 
microcontroller 
using 
these 
two pins. VOO is the positive 
supply, 
and VSS is ground. 


IRQ 


This pin is a programmable 
option 
that 
provides 
two 
different 
choices 
of interrupt 
triggering 
sensitivity. 
Refer 
to INTERRUPTS 
for more 
detail. 


OSC1,OSC2 


These 
pins 
provide 
control 
input 
for an on-chip 
clock 
oscillator 
circuit. 
A crystal. a ceramic 
resonator, 
a resistor/ 


capacitor 
combination, 
or an external 
signal 
connects 
to 
these 
pins 
providing 
a system 
clock. A mask option 
se- 
lects either 
a crystal/ceramic 
resonator 
or a resistor/ca- 


2 MHz 
4 MHz 
Units 


RsMAX 
400 
75 
D 


Co 
5 
7 
pF 


C, 
0.001 
0.012 
.F 


COSC1 
1s-.4(l 
15-:J:l 
pF 


COSC2 
15-:J:l 
15-25 
pF 


Rp 
10 
10 
MD 
a 
3J 
'10 
~ 


RC Oscillator 
With this option, 
a resistor 
is connected 
to the oscillator 
pins as shown 
in Figure 
1(d). The relationship 
between 
Rand 
fosc is shown 
in Figure 
2. 


Crystal 
The circuit shown 
in Figure 1(b) is recommended 
when 
using a crystal. 
Using 
an external 
CMOS oscillator 
is rec- 
ommended 
when 
crystals 
outside 
the specified 
ranges 
are to be used. The crystal 
and components 
should 
be 
mounted 
as close as possible 
to the input 
pins to mini- 
mize output 
distortion 
and start-up 
stabilization 
time. Re- 


fer 
to 
ELECTRICAL 
SPECIFICATIONS 
for 
VOO 
specifications. 


Ceramic 
Resonator 
A ceramic 
resonator 
may be used in place of the crystal 
in cost-sensitive 
applications. 
The circuit 
in Figure 
1(b) is 


2·4 MHz 
Units 


AS (typlcall 
'0 
Il 


Co 
40 
pF 


C, 
4.3 
pF 


COSCI 
30 
pF 


COSC2 
30 
pF 


Rp 
1·\0 
Mil 


Q 
1250 
- 


MCU 


ascI 
OSC2 


39 
Rp 
38 


COsC1 ~ 
~ 
COsC2 
~G 


ID~I 
39_ 
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1 


Figure 2. Typical 
Frequency 
vs Resistance 
for 
RC Oscillator 
Option 
Only 


recommended 
when 
using 
a ceramic 
resonator. 
Figure 
1(a) lists the recommended 
capacitance 
and resistance 
values. 
The 
manufacturer 
of the 
resonator 
considered 
should 
be consulted 
for specific 
information 
on resonator 
operation. 


External 
Clock 


An external 
clock should 
be applied 
to the OSC1 input 
with 
the OSC2 input 
not connected, 
as shown 
in Figure 
He). This option 
may only 
be used with 
the crystal 
os- 
cillator 
mask option. 


INPUT 
CAPTURE 
(TCAP) 


This pin controls 
the input 
capture 
feature 
for the on- 
chip programmable 
timer. 


OUTPUT 
COMPARE 
(TCMP) 


This 
pin 
provides 
an output 
for the output 
compare 
feature 
of the on-chip 
timer. 


RESET 


This 
pin is used to reset the MCU and provide 
an or- 
derly 
start-up 
procedure 
by pulling 
RESET low. 


INPUT/OUTPUT 
PORTS (PAQ-PAl, 
PBO-PBl, 
PCO-PCl) 


These 24 lines are arranged 
into three 
8-bit 
ports 
(A, 
B, and C). These ports are programmable 
as either inputs 
or outputs 
under 
software 
control 
of the data direction 
registers. 
Refer to PROGRAMMING 
for additional 
infor- 
mation. 


FIXED INPUT 
PORT (PDO-PD5, POl) 


These seven lines comprise 
port D, a fixed 
input 
port. 
All special functions 
that are enabled 
(SPI, SCI) affect this 
port. Referto 
PROGRAMMING 
for additional 
information. 


Input/output 
port 
programming, 
fixed 
input 
port 
pro- 
gramming, 
and serial 
port 
programming 
are discussed 
in the following 
paragraphs. 


INPUT/OUTPUT 
PORT PROGRAMMING 


Any port pin is programmable 
as either 
an input or an 
output 
under software 
control 
of the corresponding 
data 
direction 
register 
(DDR). Each port bit can be selected 
as 
output 
or input 
by writing 
the corresponding 
bit in the 
port DDR to a logic one for output 
and logic zero for input. 


On reset, all DDRs are initialized 
to logic zero to put the 
ports in the input mode. The port output 
registers 
are not 
initialized 
on reset but may be written 
to before 
setting 
the DDR bits to avoid 
undefined 
levels. 
When programmed 
as outputs, 
the latched output 
data 
is readable 
as input data regardless 
of the logic levels at 
the output 
pin due to output 
loading. 
The latched output 
data bit may always 
be written. 
Therefore, 
any write 
to 
a port writes 
all of its data bits, even though 
the port DDR 
is set to input. 
This port write 
may be used to initialize 
the data registers 
and avoid 
undefined 
outputs. 
Refer to 
Figure 3 for typical 
port circuitry 
and to Table 
1 for a list 
of the I/O pin functions. 


RIW* 
DDR 
I/O Pin Functions 


a 
a 
The I/O pin is in input mode. Data is 
written into the output data latch. 
a 
1 
Datais written into the output data latch 
and output to the I/O pin. 
, 
iJ 
The state of the I/O pin is read. 
, 
1 
The I/O pin is in an output mode. The 
output data latch is read. 


FIXED INPUT 
PORT PROGRAMMING 


Port D is a fixed input port (PDO-PD5, PDl) that monitors 
the external 
pins whenever 
the SCI or SPI is disabled. 
After 
reset, all seven 
bits become 
valid 
inputs 
because 
all special 
function 
drivers 
are disabled. 
For example, 
with 
the SCI enabled, 
PDO and PD1 inputs 
will 
read zero. 
With the SPI disabled, 
PD2 through 
PD5 will read the state 
of the pin at the time 
of the read operation. 
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Internal 
MCU 
Connections 


Any unused 
inputs 
and 1/0 ports 
should 
be tied to 
an appropriate 
logic level (e.g., either VDD or VSS)· 


SERIAL PORT (SCI AND SPIl PROGRAMMING 


The SCI and SPI use the port D pins for their functions. 
The SCI requires 
two 
pins (PDO-PD1) for its receive 
data 
input 
(RDI) and transmit 
data output 
(TDO), respectively. 


The SPI function 
requires 
four 
of the pins (PD2-PD5) for 
its serial 
data 
input/output 
(MISO), 
serial 
data out~tl 


input 
(MOSt), 
serial 
clock 
(SCK), and slave 
select 
(SS), 


respectively. 


The MCU is capable 
of addressing 
8192 bytes of mem- 


ory and 1/0 registers, 
as shown 
in Figure 4. The locations 
consist 
of user ROM, user RAM, self-check 
ROM, control 
registers, 
and 
1/0. The user-defined 
reset and interrupt 
vectors 
are located 
from 
$1FF4 to $1 FFF. 


The shared 
stack area is used during 
processing 
of an 
interrupt 
or subroutine 
call to save the CPU state. 
The 
stack pointer 
decrements 
during 
pushes and increments 
during 
pulls. 
Refer to INTERRUPTS 
for additional 
infor- 
mation. 


NOTE 


Using 
the stack area for data storage 
or temporary 
work 
locations 
requires care to prevent it from 
being 
overwritten 
due 
to stacking 
from 
an interrupt 
or 
subroutine 
call. 


REGISTERS 


The 
MCU 
contains 
the 
registers 
described 
in the fol- 
lowing 
paragraphs. 


ACCUMULATOR 
(A) 


The accumulator 
is a general-purpose 
8-bit register used 
to hold 
operands 
and 
results 
of arithmetic 
calculations 
or data manipulations. 


o 


~ 
__ 
A 
__ 
I 


INDEX REGISTER (Xl 


The index 
register 
is an 8-bit 
register 
used for the in- 
dexed 
addressing 
mode. 
It contains 
an 8-bit 
value 
that 
may be added to an 8- or 16-bit immediate 
value to create 
an effective 
address. The index register 
may also be used 
as a temporary 
storage 
area. 


PROGRAM 
COUNTER 
(PC) 


The program 
counter 
is a 13-bit register 
that contains 
the address 
of the next byte to be fetched. 


12 
I 
pc 
_ 


STACK POINTER (SP) 


The stack pointer 
is a 13-bit register 
that contains 
the 
address 
of the next free location 
on the stack. During 
an 
MCU reset 
or the 
reset stack 
pointer 
(RSP) instruction, 
the stack pointer 
is set to location 
$OOFF.The stack pointer 
is then decremented 
as data is pushed onto the stack and 
incremented 
as data is pulled 
from 
the stack. 
When 
accessing 
memory, 
the seven 
most 
significant 
bits are permanently 
set to 0000011. These seven bits are 
appended 
to the six least significant 
register 
bits to pro- 
duce 
an address 
within 
the 
range 
of $OOFF to $OOCO. 


Subroutines 
and interrupts 
may 
use up to 64 (decimal) 
locations. 
If 64 locations 
are exceeded, 
the stack pointer 
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I/O 
32 Bytes 


User 
\ 
ROM 
48 Bytes 


RAM 
176 Bytes 


--- --- 
-j 
Stack 
64 
Bytes 


User 
ROM 
7680 Bytes 


Self Check 
----- 


Self-Check 


Vectors 


Unused 


4 Bytes 


User 
Vectors 
12 Bytes 


\ 
\ 
\ 
g~~~\ 
\ 
\ 
\ 
\ 


\ 


\ 


Ports 
7 Bytes 


Unused 
3 Bytes 


Serial Peripheral 
Interface 
3 Bytes 


Serial 
Communications 


Interface 
5 Bytes 


Timer 


10 Bytes 


Unused 


\ 
4 Bytes 


Port A Data Register 


Port B Data Register 


Port C Data Register 


Port 0 Fixed Input Register 


Port A Data Direction Register 


Port B Data Direction Register 


Port C Data Direction Register 


Unused 


Unused 


Unused 


Serial Peripheral Control Register 


Serial Peripheral Status Register 


Serial Peripheral Data I/O Register 


Serial Communications 
Baud Rate Register 


Serial Communications 
Control Register 1 


Serial Communications 
Contr~ Register 2 


Serial Communications 
Status Register 


Serial Communications 
Data Register 


Timer Control Register 


Timer Status Register 


Input Capture High Register 


Input capture 
Low Register 


Output ~om~re 
High Register 


Output Compare Low Register 


Counter High Register 


Counter Low Register 


Alternate Counter High Register 


Alternate 
Counter Low Register 


Unused 


\ 
Unused 
\ 
Unused 
\ 
Unused 


0031 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 


$00 


$09 


$OA 


$OB 


$OC 


$00 


$OE 


$OF 


$10 • 


$11 


$12 


$13 


$14 


$15 


$16 


$17 


$18 


$19 


$lA 


$lB 


$lC 


$10 


$lE 


$1F 


wraps 
around 
and loses the previously 
stored 
informa- 
tion. A subroutine 
call occupies two locations on the stack; 


an interrupt 
uses five locations_ 


12 
7 
0 


~~ 
__ =====s=p=======1 


CONDITION 
CODE REGISTER 
ICCR) 


The CCR is a 5-bit register 
in which 
four 
bits are used 
to 
indicate 
the 
results 
of the 
instruction 
just 
executed. 
These bits can be individually 
tested 
by a program, 
and 
specific 
actions 
can be taken 
as a result 
of their 
state. 


Each bit is explained 
in the following 
paragraphs_ 


CCR 


~ 


Half Carry (H) 


This bit is set during 
ADD and ADC operations 
to in- 
dicate that a carry occurred 
between 
bits 3 and 4. 


Interrupt 
(I) 


When this bit is set, the timer 
and external 
interrupt 
is 
masked (disabled). 
If an interrupt 
occurs while 
this bit is 
set, the interrupt 
is latched and processed 
as soon as the 
interrupt 
bit is cleared. 


Negative 
(N) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data 
manipulation 
was 
negative 
(bit 7 in the result is a logic one)_ 


Zero (Z) 


When 
set, this 
bit indicates 
that the result 
of the last 
arithmetic, 
logical, 
or data manipulation 
was zero. 
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When 
set, this bit indicates 
that a carry or borrow 
out 


of the arithmetic 
logical 
unit 
(ALU) occurred 
during 
the 
last arithmetic 
operation. 
This bit is also affected 
during 
bit test 
and 
branch 
instructions 
and 
during 
shifts 
and 
rotates. 


and FE flags 
SPI - 
Transmission 
test; 
checks 
SPIF, WCOL, 
and 
MODF flags 
Self-check 
results 
(using 
the 
LEDs as monitors) 
are 
shown 
in Table 2. The following 
subroutines 
are available 
to the user and do not require 
any external 
hardware. 


TIMER TEST SUBROUTINE 


This 
subroutine 
returns 
with 
the 
Z bit cleared 
if any 
error 
is detected; 
otherwise, 
the Z bit is set. The timer 
test subroutine 
is called 
at location 
$1 FOE. The output 


compare 
register 
is first 
set to the 
current 
timer 
state. 
Because the timer 
is free running 
and has only a divide- 
by-four 
prescaler, 
each timer 
count cannot 
be tested. The 
test reads the timer 
once every 10 counts 
(40 cycles) and 


checks for correct 
counting. 
The test tracks the counter 
until the timer 
wraps 
around, 
triggering 
the output 
com- 
pare flag in the timer status register. 
RAM locations 
$0050 
and $0051 are overwritten. 
Upon return to the user's pro- 
gram, 
X=40. 
If the test passed, A=O. 


The self-check 
capability 
provides 
the ability 
to deter- 


mine 
if the device 
is functional. 
Self-check 
is performed 
using 
the circuit 
shown 
in Figure 
5. Port C pins PCO-PC3 
are monitored 
for the self-check 
results. 
After 
reset, the 
following 
seven tests are performed 
automatically: 


1/0 - 
Exercise 
of ports A. B, and C 
RAM - 
Counter 
test for each RAM byte 
ROM - 
Exclusive 
OR with 
odd ones parity 
result 
Timer- 
Tracks counter 
register 
and checks OCF flag 
Interrupts 
- 
Tests 
external, 
timer, 
SCI and SPI in- 
terrupts 


RESET 


+9V 


11~ 
RESET 
1 


IRQ 
10 k 
10k 


NC 
VOO 
40 
+5V 
+5V 
QSC, 
39 
qF 
10k 


37 
TCAP 
10M CJ 
4MHz 
MCU 


PA7 
QSC2 
38 
~F 


PA6 
36 
ISee Note} 


6 
P07 
+5V 


PA5 
35 
7 
TCMP 
PA4 
P05/55 
34 


pAJ 
33 
1 M 
PD4/SCK 
10k 
PA2 
32 


10 
P03/MOSI 
PAl 
31 


11 
P02/MISO 


PAO 
3J 
P01ITOO 
29 


PDQ/ROI 
1k 
12 
PBO 
PCO 
29 
+5V 


13 
27 
" 


1k 


PBl 
PCl 


10 k 
14 
26 
" 


lk 


PB2 
PC2 


15 
25 
" 


1 k 


PB3 
PC3 


16 
PC4 
24 
PB4 


17 
PC5 
23 


PB5 
lB 
PC6 
22 
PB6 
19 
PC7 
21 
PB7 
VSS 


20 


NOTE: The AC Oscillator Option may also be used in this circuit. 


Figure 5. Self-Check 
Circuit 
Schematic 
Diagram 
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PC3 
PC2 
PCl 
PCO 
Rem8rb 


1 
0 
0 
1 
Bad110 


1 
0 
1 
0 
BadRAM 


1 
0 
1 
1 
BadTimer 


1 
1 
0 
0 
BadSCI 


1 
1 
0 
1 
BadROM 


1 
1 
1 
0 
BadSPI 


1 
1 
1 
1 
BadInterruptsor IRQRequest 


Flashing 
GoodDevice 


All Others 
BadDevice.BadPortC,etc. 


ROM CHECKSUM 
SUBROUTINE 
This subroutine 
returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93with RAM 
location $0053 equal to $01 and A = O. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user's program, 
X = O. If the test passed, A = O. 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET).The RESETin£!!! 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 


POWER-ON 
RESET (PORI 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycl~) 
delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4~, 
the MCU will remain in the 
reset condition until RESETgoes high. 


EXTERNAL 
RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (tcyel. 


The MCU can be interrupted five different ways: the 
four maskable hardware interrupts 
(IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt 
instruc- 
tion (SWI). 
Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 


Unlike RESET, hardware interrupts 
do not cause the 
current instruction 
execution to be halted but are con- 


sidered pending until the current instruction is complete. 


NOTE 


The current instruction 
is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt 
processing; 


otherwise, the next instruction is fetched and executed. 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 


. processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


Stack 
I 


~ 1 
P 
T 


ConditionCodeRegister 


Accumulator 


IndexRegister 


PCH 


IncreaSIngMemory1~ 
Addresses 
U 
R 
0 
N 


NOTE: Sincethe StackPointerdecrementsduringpushes,the PCl is 
stackedfirst. followed by PCH,etc. Pullingfrom the stack is 
in the reverseorder. 


• 
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Cleo. iiill 
Request 
Latch 


Load PC from: 


5WI:$lFFC-$lFFD 
IRO: $lFFA-$lFFB 
Timer: 
$1 FF8-$1 FF9 
5CI: $1 FF6·$1FF7 
5PI: $1FF4-$1 FF5 


Complete 


Interrupt 
Routine 
and Execute 
RTI 
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time (tILlLl is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). 
The second 
method shows many interrupt lines "wire-ORed" to form 
the interrupts at the processor. If the interrupt 
line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 


EXTERNAL 
INTERRUPT 


If the interrupt 
mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the I bit enables the ex- 
ternal interrupt. The external interrupt is internally ~- 
chronized and then latched on the falling edge of IRQ. 
The action ofthe external interrupt is identical to the timer 
interrupt 
with the exception that the interrupt 
request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFAand $1FFB. 


Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only 
trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing 
diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 


NOTE 


The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the I bit is cleared. 


SOFTWARE 
INTERRUPT 
(SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the I bit in the CCR. If the I bit 
is zero, SWI executes after the other interrupts. The SWI 


Level-SensitiveTrigger 
------- 
MaskOption 


VOO 


nm~tlllH 
U 
I. 
tlllL-----_1 


ilm~~tlllH==-f 
•.------ 
IROn 
r 
------- 


(M:'1 
1 


Ex_ 
Interrupt 
Req•••• t 


Power·On Reset 


External Reset 


External Interrupt 
Being Serviced (Vector Fetch) 


~~ 
T••••• e..- 
The minimumpuloewidth IqllH) is._ 
125 •• IVOO-5 
VI or 250 •• (VOO-3 
V). 


The period qllL should not be •••• tIwI 
the number 01 lcyc cycles it taIt. 
to ••. 
ecule the interrupt _ 
routine pluo21 
lcyc cycles. 


~llenIIlM 
T••••• e..- 
" alter ooMcing an interrupt the ilm •• 
mains low. tIwI the next intenupt 
is 
recognized. 


Normally 
used 
with 
Wi•• ORed 
Connection 
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••.•.,.. ••••••••. ,.., •• 
I.;) 
iJII,lIlQI 
~U 
lilt: 
IIdfUWi::lf~ 
InlerrUpts. 
I ne 
In- 
terrupt 
service 
routine 
address 
is specified 
by the 
con- 
tents 
of memory 
locations 
$1 FFC and $1 FFD. 


SCI INTERRUPTS 


An interrupt 
in the SCI occurs 
when 
one of the interrupt 
flag 
bits 
in the 
serial 
communications 
status 
register 
is 
set, provided 
the 
I bit in the CCR is clear 
and the enable 
bit in the serial 
communications 
control 
register 
2 is set. 


Software 
in the serial 
interrupt 
service 
routine 
must 
de- 


termine 
the 
cause 
and 
priority 
of the 
SCI interrupt 
by 
examining 
the 
interrupt 
flags 
and 
status 
bits 
in the 
SCI 
status 
register. 


SPI INTERRUPTS 


An interrupt 
in the SPI occurs 
when 
one of the interrupt 
flag 
bits 
in the 
serial 
peripheral 
status 
register 
is set, 


provided 
the 
I bit in the 
CCR is clear 
and the 
enable 
bit 
in the 
serial 
peripheral 
control 
register 
is set. Software 
in the serial 
peripheral 
interrupt 
service 
routine 
must 
de- 


termine 
the 
cause 
and 
priority 
of the 
SPI interrupt 
by 
examining 
the interrupt 
flag bits in the SPI status 
register. 


STOP 


The STOP instruction 
places the MCU in its lowest 
power 
consumption 
mode. 
In the STOP mode, 
the 
internal 
os- 
cillator 
is turned 
off, 
halting 
all 
internal 
processing 
in- 


cluding 
timer, 
SCI, and SPI operation 
(refer 
to Figure 
9). 


During 
the 
STOP 
mode, 
the 
TCR 
bits 
are 
altered 
to 


remove 
any 
pending 
timer 
interrupt 
request 
and to dis- 


able 
any further 
timer 
interrupts. 
The timer 
prescaler 
is 
cleared. 
The I bit in the CCR is cleared 
to enable 
external 
interrupts. 
All 
other 
registers 
and 
memory 
remain 
unal- 


tered. 
All input/output 
lines 
remain 
unchanged. 
The pro- 


cessor 
can be brought 
out of the STOP mode 
only 
by an 
external 
interrupt 
or reset. 


SCI during 
STOP Mode 


When 
the 
MCU 
enters 
the STOP mode, 
the 
baud 
rate 


generator 
stops, 
halting 
all SCI activity. 
If the 
STOP 
in- 
struction 
is executed 
during 
a transmitter 
transfer, 
that 
transfer 
is halted. 
If a low 
input 
to the IRQ pin is used to 
exit STOP mode, 
the transfer 
resumes. 
If the SCI receiver 


is receiving 
data and the STOP mode 
is entered, 
received 
data 
sampling 
stops 
because 
the 
baud 
rate 
generator 
stops, 
and all subsequent 
data is lost. 
For these 
reasons, 


all SCI transfers 
should 
be in the idle state when 
the STOP 
instruction 
is executed. 


SPI during 
Stop 
Mode 


When 
the 
MCU 
enters 
the STOP mode, 
the 
baud 
rate 


generator 
stops, 
terminating 
all master 
mode 
SPI oper- 


ations. 
If the STOP instruction 
is executed 
during 
an SPI 
transfer, 
that 
transfer 
halts 
until 
the MCU exits the STOP 
mode 
by a low 
signal 
on the 
IRQ pin. 
If reset 
is used to 
exit the STOP mode, 
then 
the SPI control 
and status 
bits 
are cleared, 
and the SPI is disabled. 
If the 
MCU 
is in the 


slave 
mode 
when 
the 
STOP instruction 
is executed, 
the 
slave 
SPI continues 
to operate 
and can still 
accept 
data 
and clock 
information 
in addition 
to transmitting 
its own 
data 
back to a master 
device. 
At the end of a possible 
transmission 
with 
a slave 
SPI 
in the STOP mode, 
no flags 
are set until 
a low on the IRQ 
pin wakes 
up the MCU. Caution 
should 
be observed 
when 
operating 
the 
SPI as a slave 
during 
the STOP mode 
be- 
cause 
the 
protective 
circuitry 
(WCOl, 
MODF, 
etc.) is in- 
active. 


WAIT 


The WAIT 
instruction 
places 
the 
MCU 
in a low-power 
consumption 
mode, 
but the WAIT 
mode 
consumes 
more 
power 
than the STOP mode. 
All CPU action 
is suspended, 


but the timer, 
SCI, and SPI remain 
active 
(refer 
to Figure 


101. An 
interrupt 
from 
the 
timer, 
SCI, or SPI can cause 
the 
MCU to exit the WAIT 
mode. 


During 
the WAIT 
mode, 
the 
I bit in the CCR is cleared 
to 
enable 
interrupts. 
All 
other 
registers, 
memory, 
and 
input/output 
lines remain 
in their 
previous 
state. The timer 


(1) Fetch Reset Vector or 
(2) Service Interrupt 


a. Stack 
b. Set I Bit 
c. Vector to Interrupt 


Routine 
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may be enabled to allow a periodic exit from the WAIT 
mode. 


several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 
Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; 
however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 


DATA RETENTION 
MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four 
prescaler. This 
timer can be used for many purposes, including input 
waveform 
measurements while simultaneously 
gener- 
ating an output waveform. 
Pulse widths can vary from 


The I bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 


Oscillator 
Active 


Timer. Set. And SPI 


Clocks 
Active 


Processor Clocks Stopped 


111Fetch R_t 
Vector or 
(21 Service Intenupt 
e. SteCk 
b. Set I Bit 
c. Vector 
to 
Interrupt 
Routine 


• 
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II 


Timer 
Status 
Reg. 


Output 
Edge 


level 
Input 


(TCMPI 
(TCAP) 


Internal 
Processor 
Clock 


o 
a 


ClK 
Output 
level 
Reg. 


Timer 
Control 
Reg. 
$12 


COUNTER 


The key element 
in the programmable 
timer 
is a 16- 
bit, free-running 
counter 
or counter 
register, 
preceded 
by 
a prescaler 
that 
divides 
the internal 
processor 
clock 
by 
four. 
The 
prescaler 
gives 
the timer 
a resolution 
of 2.0 
microseconds 
if the 
internal 
bus clock 
is 2.0 MHz. The 
counter 
is incremented 
during 
the low portion 
of the in- 
ternal 
bus clock. 
Software 
can read the counter 
at any 
time 
without 
affecting 
its value. 
The double-byte, 
free-running 
counter can be read from 
either 
of 
two 
locations, 
$18-$19 
(counter 
register) 
or 
$1A-$1 B (counter 
alternate 
register). 
A read from 
only 
the least significant 
byte (lSB) of the free-running 
counter 
($19, $1 B) receives the count value atthe 
time ofthe 
read. 
If a read of the free-running 
counter 
or counter 
alternate 
register 
first 
addresses 
the most 
significant 
byte (MSB) 
($18, $1A), the lSB 
($19, $1B) is transferred 
to a buffer. 


This buffer 
value 
remains 
fixed 
after the first 
MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed 
when 
reading 
the free-running 
counter 
or 
counter 
alternate 
register 
lSB 
($19 or $1 B) and, thus, 
completes 
a read sequence 
of the total counter 
value. In 
reading 
either 
the free-running 
counter 
or counter 
alter- 
nate register, 
if the MSB is read, the lSB 
must 
also be 
read to complete 
the sequence. 


The counter 
alternate 
register 
differs 
from 
the counter 
register 
in one respect: 
a read of the counter 
register 
MSB 
can clear the timer 
overflow 
flag 
(TO F). Therefore, 
the 
counter 
alternate 
register 
can be read at any time without 
the possibility 
of missing 
timer 
overflow 
interrupts 
due 
to clearing 
of the TOF. 


The free-running 
counter 
is configured 
to $FFFC during 
reset and is always 
a read-only 
register. 
During 
a power- 
on reset, the counter 
is also preset to $FFFC and begins 
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running 
after 
the 
oscillator 
start-up 
delay. 
Because 
the 
free-running 
counter 
is 16 bits preceded 
by a fixed divide- 
by-four 
prescaler, 
the value 
in the free-running 
counter 
repeats every 262,144 internal 
bus clock cycles. When the 
counter 
rolls over from 
$FFFF to $0000, the TOF bit is set. 


An interrupt 
can also be enabled 
when 
counter 
rollover 
occurs 
by setting 
its interrupt 
enable 
bit (TOlE). 


OUTPUT 
COMPARE 
REGISTER 


The 16-bit output 
compare 
register 
is made up of two 
8-bit registers 
at locations 
$16 (MSB) and $17 (LSB). The 
output 
compare 
register 
is used for 
several 
purposes, 


such as indicating 
when 
a period 
of time has elapsed. All 
bits are readable 
and writable 
and are not altered 
by the 
timer 
hardware 
or reset. If the compare 
function 
is not 
needed, the two bytes of the output 
compare 
register 
can 
be used as storage 
locations. 


The output 
compare 
register 
contents 
are compared 
with the contents 
ofthe 
free-running 
counter 
continually, 


and if a match 
is found, 
the corresponding 
output 
com- 
pare flag 
(OCF) bit is set and the corresponding 
output 
level (OLCL) bit is clocked to an output 
level register. 
The 
output 
compare 
register 
values 
and the output 
level bit 
should 
be changed 
after each successful 
comparison 
to 
establish 
a new 
elapsed 
timeout. 
An interrupt 
can also 
accompany 
a successful 
output 
compare 
provided 
the 
corresponding 
interrupt 
enable 
bit (OCIE) is set. 


After 
a processor 
write 
cycle 
to the output 
compare 
register 
containing 
the 
MSB ($16), the output 
compare 
function 
is inhibited 
until 
the 
LSB ($17) is also written. 


The user must write 
both bytes (locations) 
if the MSB is 
written 
first. A write 
made only to the LSB ($17) will 
not 
inhibit 
the compare 
function. 
The free-running 
counter 
is 
updated 
every 
four 
internal 
bus clock cycles. 
The mini- 


mum 
time 
required 
to update 
the output 
compare 
reg- 
ister is a function 
of the program 
rather than the internal 
hardware. 
The 
processor 
can write 
to either 
byte 
of the output 
compare 
register 
without 
affecting 
the 
other 
byte. 
The 
output 
level (OLVL) bit is clocked 
to the output 
level reg- 
ister regardless 
of whether 
the output 
compare 
flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


Two 
8-bit 
registers, 
which 
make 
up the 
16-bit 
input 
capture 
register, 
are read-only 
and are used to latch the 
value of the free-running 
counter 
after the corresponding 
input 
capture 
edge detector 
senses a defined 
transition. 
The level transition 
which 
triggers 
the counter 
transfer 
is 
defined 
by the corresponding 
input edge bit (lEDG). Reset 
does not affect the contents 
of the input capture 
register. 


The 
result 
obtained 
by an input 
capture 
will 
be one 
more 
than 
the value 
of the free-running 
counter 
on the 
rising 
edge 
of the 
internal 
bus clock 
preceding 
the ex- 
ternal 
transition. 
This delay 
is required 
for internal 
syn- 
chronization. 
Resolution 
is one count 
of the free-running 
counter, 
which 
is four 
internal 
bus clock cycles. 
The free-running 
counter 
contents 
are transferred 
to 
the input capture 
register on each proper signal transition 
regardless 
of whether 
the input 
capture 
flag 
(lCF) is set 
or clear. The input 
capture 
register 
always 
contains 
the 


free-running 
counter 
value that corresponds 
to the most 
recent 
input 
capture. 


After 
a read of the 
input 
capture 
register 
($14) MSB, 
the counter 
transfer 
is inhibited 
until the LSB ($15) is also 
read. This characteristic 
causes the time used in the input 
capture software 
routine 
and its interaction 
with the main 
program 
to determine 
the minimum 
pulse 
period. 


A read of the input capture 
register 
LSB ($15) does not 
inhibit 
the free-running 
counter 
transfer 
since they occur 
on opposite 
edges of the internal 
bus clock. 


TIMER CONTROL 
REGISTER (TCR) $12 


The TCR is a read/write 
register 
containing 
five control 
bits. Three bits control 
interrupts 
associated 
with the timer 
status 
register 
flags 
ICF, OCF, and TOF. 
• 


ICIE - 
Input 
Capture 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
OCIE - 
Output 
Compare 
Interrupt 
Enable 
1= Interrupt 
enabled 
0= Interrupt 
disabled 
TOlE - 
Timer 
Overflow 
Interrupt 
Enable 
1 = Interrupt 
enabled 
0= Interrupt 
disabled 
IEDG - 
Input 
Edge 
Value of input 
edge determines 
which 
level transition 
on TCAP pin will 
trigger 
free-running 
counter 
transfer 
to the input 
capture 
register 
1= Positive 
edge 
0= Negative 
edge 
Reset does not affect te IEDG bit (U = unaffected). 


OLVL - 
Output 
Level 
Value 
of output 
level 
is clocked 
into 
output 
level reg- 
ister by the 
next successful 
output 
compare 
and will 
appear 
on the TCMP pin 
1 = High output 
0= Low output 
Bits 2, 3, and 4 - 
Not used 
Always 
read zero 


TIMER STATUS 
REGISTER (TSR) $13 


The TSR is a read-only 
register 
containing 
three status 
flag bits. 


ICF - 
Input 
Capture 
Flag 
1= Flag set when 
selected 
polarity 
edge is sensed by 
input 
capture 
edge detector 
0= Flag cleared when TSR and input capture 
low reg- 


ister ($15) are accessed 
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match the free-running 
counter 
contents 
A full-duplex 
asynchronous 
SCI is provided 
with 
a 
0= Flag cleared when 
TSR and output 
compare 
low 
standard 
NRZ format 
and a variety 
of baud rates. The SCI 
register 
($17) are accessed 
transmitter 
and receiver are functionally 
independent 
but 
TOF - 
Timer 
Overflow 
Flag 
use the same data format 
and baud rate. The terms baud 
1 = Flag set when free-running 
counter transition 
from 
and bit rate are used synonymously 
in the following 
de- 


$FFFF to $0000 occurs 
scription. 
0= Flag cleared 
when TSR and counter 
low register 
($19) are accessed 
Bits 0-4 - 
Not used 
Always 
read zero 


Accessing 
the timer 
status 
register 
satisfies 
the first 
condition 
required 
to clear status bits. The remaining 
step 
is to access the register 
corresponding 
to the status bit. 


A problem 
can occur when 
using 
the timer 
overflow 
function 
and reading 
the free-running 
counter 
at random 
times to measure 
an elapsed time. Without 
incorporating 
the proper 
precautions 
into software, 
the timer 
overflow 
flag could 
unintentionally 
be cleared 
if: 


1) The timer 
status 
register 
is read or written 
when 
TOF is set, and 
2) The LSB of the free-running 
counter 
is read but not 
for the purpose 
of servicing 
the flag. 


The counter 
alternate 
register 
at address 
$lA 
and $1 B 
contains 
the same value 
as the free-running 
counter 
(at 
address 
$18 and $19); therefore, 
this 
alternate 
register 
can be read at any time 
without 
affecting 
the timer 
ov- 
erflow 
flag in the timer 
status register. 


TIMER 
DURING 
WAIT 
MODE 


The CPU clock 
halts 
during 
the WAIT 
mode, 
but the 
timer 
remains 
active. An interrupt 
from the timer 
causes 
the processor 
to exit the WAIT mode. 


TIMER 
DURING 
STOP MODE 


In the STOP mode, the timer 
stops counting 
and holds 
the last count 
value 
if STOP is exited 
by an interrupt. 
If 
RESET is used, the counter 
is forced 
to $FFFC. During 
STOP, if at least one valid 
input 
capture 
edge occurs 
at 
the TCAP pin, the input 
capture 
detect 
circuit 
is armed. 


This does not set any timer 
flags nor wake up the MCU, 


but when the MCU does wake up, there is an active input 
capture 
flag 
and data from 
the first 
valid 
edge that oc- 
curred 
during 
the STOP mode. 
If RESET is used to exit 
STOP mode, then no input capture 
flag or data remains, 


even if a valid 
input 
capture 
edge occurred. 


SCI TWO-WIRE 
SYSTEM 
FEATURES 


• 
Standard 
NRZ (mark/space) 
format 
• 
Advanced 
error detection 
method 
includes 
noise de- 


tection 
for noise duration 
of up to one-sixteenth 
bit 
time 
• 
Full-duplex 
operation 
(simultaneous 
transmit 
and re- 
ceive) 


• 
Software 
programmable 
for one of 32 different 
baud 
rates 
• 
Software-selectable 
word 
length 
(eight- 
or nine-bit 
words) 
• 
Separate transmitter 
and receiver 
enable 
bits 
• 
SCI may be interrupt 
driven 
• 
Four separate 
interrupt 
conditions 


SCI RECEIVER 
FEATURES 


• 
Receiver wake-up 
function 
(idle or address 
bit) 
• 
Idle line detect 
• 
Framing 
error detect 
• 
Noise detect 
• 
Overrun 
detect 
• 
Receiver data register 
full flag 


SCI TRANSMITTER 
FEATURES 


• 
Transmit 
data register 
empty 
flag 
• 
Transmit 
complete 
flag 
• 
Break send 


Any SCI two-wire 
system 
requires 
receive data in (ROI) 
and transmit 
data out (TOO). 


DATA 
FORMAT 


Receive data in (ROil or transmit 
data out (TOO) is the 


serial data presented 
between 
the internal 
data bus and 
the output 
pin (TOO) and between 
the input pin (ROI) and 
the 
internal 
data bus. Data format 
is as shown 
for the 
NRZ in Figure 12. 
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a 
~Y"'I""cu 
IlIUILlJJrUr.:eSsor connguratlon, 
the software 
protocol 
will 
usually 
identify 
the addressee(s) 
at the be- 
ginning 
of the message. 
To permit 
uninterested 
MPUs to 
ignore 
the remainder 
of the message, 
a wake-up 
feature 
is included, 
whereby 
all further 
SCI receiver 
flag 
(and 
interrupt) 
processing 
can be inhibited 
until 
its data line 
returns 
to the idle state. An SCI receiver 
is re-enabled 
by 
an idle string 
of at least ten (or eleven) consecutive 
ones. 


Software 
for the transmitter 
must provide 
forthe 
required 
idle string 
between 
consecutive 
messages 
and prevent 


it from 
occurring 
within 
messages. 


A second 
wake-up 
method 
is available 
in which 
sleep- 
ing SCI receivers 
can be awakened 
by a logic one in the 
high-order 
bit of a received 
character. 


RECEIVE DATA IN 


Receive 
data 
in (RDI) is the serial 
data which 
is pre- 


sented 
from 
the input 
pin via the SCI to the receive data 


register 
(RDR). While 
waiting 
for a start bit, the receiver 


samples 
the input 
at a rate 16 times 
higher 
than the set 


baud 
rate. This 
increased 
rate is referred 
to as the 
RT 


rate. When the input (idle) line is detected 
low, it is tested 
for three more sample times. 
If at least two of these three 


samples 
detect 
a logic 
low, 
a valid 
start 
bit is assumed 
to be detected. 
If in two or more samples, 
a logic high is 
detected, 
the line is assumed 
to be idle. The receive clock 


generator 
is controlled 
by the baud rate register 
(see Fig- 


ure 13); however, 
the SCI is synchronized 
by the start bit 


independent 
of the transmitter. 
Once a valid 
start 
bit is 


detected, 
the start bit, each data bit, and the stop bit are 


each sampled 
three 
times. 
The value 
of the bit is deter- 
mined 
by voting 
logic, which takes the value of a majority 


of samples. 
A noise flag is set when all three samples 
on 


a valid 
start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification 
samples 
do not 


agree. 


START BIT DETECTION FOLLOWING 
A FRAMING ERROR 


If there has been a framing 
error (FE) without 
detection 


of a break (10 zeros for 8-bit format 
or 11 zeros for a 9- 
bit format). 
the 
circuit 
continues 
to operate 
as if there 


actually 
were a stop bit, and the start edge will 
be placed 


artificially. 
The last bit received 
in the data shift 
register 
is inverted 
to a logic 
one, and the three 
logic-one 
start 
qualifiers 
are forced 
into the sample 
shift 
register 
during 


the interval 
when 
detection 
of a start 
bit is anticipated; 


therefore, 
the start bit will 
be accepted 
no sooner 
than it 


is anticipated. 
If the 
receiver 
detects 
that 
a break 
(RDRF = 1, FE= 1, 


receiver 
data register=$OO) 
produced 
the framing 
error, 
the start 
bit will 
not 
be artificially 
induced, 
and the 
re- 
ceiver 
must 
actually 
receive 
a logic one before 
start. 


TRANSMIT 
DATA OUT 


Transmit 
data 
out 
(TDO) is the serial 
data 
presented 
from 
the transmit 
data register 
(TDR) via the SCI to the 
output 
pin. The transmitter 
generates 
a bit time by using 


a derivative 
of the 
RT clock, 
producing 
a transmission 
rate equal 
to one-sixteenth 
that 
of the 
receiver 
sample 


clock. 


A block diagram 
of the SCI is shown 
in Figure 
13. The 
user has option 
bits in the serial communications 
control 
register 
1 (SCCR1) to determine 
the SCI wake-up 
method 
and 
data 
word 
length. 
Serial 
communications 
control 
register 
2 (SCCR2) provides 
control 
bits that individually 
enable/disable 
the transmitter 
or receiver, 
enable system 
interrupts, 
and provide 
wake-up 
enable, 
and send break 
code 
bits. The baud 
rate register 
bits allow 
the user to 
select 
different 
baud 
rates, which 
are used 
as the 
rate 
control 
for the transmitter 
and receiver. 


Data transmission 
is initiated 
by a write 
to the serial 
communications 
data 
register 
(SCDAT). 
Provided 
the 
transmitter 
is enabled, 
data stored 
in the SCDAT is trans- 
ferred to the transmit 
data shift register. 
This data transfer 
sets the SCI status 
register 
(SCSR) transmit 
data register 
empty 
(TDRE) bit and generates 
an interrupt 
if the trans- 
mit interrupt 
is enabled. 
Data transfer 
to the transmit 
data 
shift 
register 
is synchronized 
with 
the bit rate clock. All 
data 
is transmitted 
LSB first. 
Upon 
completion 
of data 
transmission, 
the transmission 
complete 
(TC) bit is set 
(provided 
no pending 
data, 
preamble, 
or break code 
is 
sent). and an interrupt 
is generated 
if the transmit 
com- 
plete interrupt 
is enabled. 
If the transmitter 
is disabled, 
and the data, preamble, 
or break code has been sent, the 
TC bit will 
also be set, which 
will 
also generate 
an inter- 
rupt if the TCIE bit is set. If the transmitter 
is disabled 
in 
the middle 
of a transmission, 
that character 
will 
be com- 
pleted 
before the transmitter 
gives up control 
of the TDO 
pin. 


When the SCDAT is read, it contains 
the last data byte 
received, 
provided 
that the receiver 
is enabled. 
The SCSR 
receive data register 
full (RDRF) bit is set to indicate 
that 
a data byte is transferred 
from 
the input 
serial shift 
reg- 
ister to the SCDAT, which 
can cause an interrupt 
if the 
receiver 
interrupt 
is enabled. 
Data transfer 
from 
the input 
serial shift 
register 
to the SCDAT is synchronized 
by the 
receiver 
bit rate clock. The SCSR overrun 
(OR), noise flag 


(NF). or FE bits are set if data reception 
errors 
occur. 


An idle line interrupt 
is generated 
if the idle line inter- 
rupt is enabled 
and the SCSR IDLE bit (which 
detects 
idle 
line transmission) 
is set. This allows 
a receiver 
that is not 
in the wake-up 
mode to detect the end of a message, 
the 
preamble 
of a new 
message, 
or to resynchronize 
with 
the transmitter. 
A valid character 
must be received 
before 
the idle line condition 
for the IDLE bit to be set and for 
an idle line interrupt 
to be generated. 


REGISTERS 


There 
are five 
registers 
used 
in the 
SCI; the 
internal 
configuration 
of these 
registers 
is discussed 
in the fol- 
lowing 
paragraphs. 


Serial Communications 
Data Register 
(SCDAT) $11 


The SCDAT is a read/write 
register 
used to receive and 
transmit 
SCI data. 


1 
6 
5 
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As shown 
in Figure 
13, SCOAT functions 
as two 
sep- 
arate registers. 
The transmit 
data register 
(TOR) provides 
the 
parallel 
interface 
from 
the 
internal 
data bus to the 


transmit 
shift 
register. 
The 
receive 
data 
register 
(ROR) 
provides 
the interface 
from 
the receive 
shift 
register 
to 
the internal 
data bus. 


SOF 
SCCR2 


TIE 


TCIE 
• 


SBK 


PDO/RDI 
RWU 


Wake 
Up 
Untt 


Internal 


Processor 


Clock 
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Serial 
Communications 
Control 
Register 
1 (SCCR1) $OE 


The SCCR1 provides 
control 
bits that 
determine 
word 
length 
and select 
the wake-up 
method. 


RS 


RESET: 


U 
U 
U 
U 


R8 - 
Receive 
Data Bit 8 
R8 bit provides 
storage 
location 
for the ninth 
bit in the 
receive 
data 
byte 
(if M = 1). 
T8 - 
Transmit 
Data Bit 8 
T8 bit provides 
storage 
location 
for the ninth 
bit in the 
transmit 
data 
byte 
(if M = 1). 
M - 
SCI Character 
Word 
length 
1 = one start 
bit, nine data 
bits, 
one stop 
bit 
0= one start 
bit, eight 
data 
bits, 
one stop 
bit 
WAKE 
- 
Wake-Up 
Select 
Wake 
bit selects 
the receiver 
wake-up 
method. 
1 = Address 
bit (most 
significant 
bit) 
0= Idle line condition 
Bits 0-2, 
and 
5 - 
Not 
used 
Can read either 
one or zero 


The address 
bit is dependent 
on both the wake-bit 
and 
the 
M-bit 
level. 
Additionally, 
the 
receiver 
does 
not 
use 
the wake-up 
feature 
unless 
the RWU control 
bit in SCCR2 
is set. 


Wake 
M 
Receiver Wake-Up 


0 
X 
Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


1 
0 
Detection of a received one in the eighth 
data bit allows an RDRFflag and associated 
error flags. 


1 
1 
Detection of a received one in the ninth data 
bit allows an RDRFflag and associated error 
flags. 


Serial 
Communications 
Control 
Register 
2 (SCCR2) $OF 


The SCCR2 provides 
control 
of individual 
SCI functions 
such 
as 
interrupts, 
transmit/receive 
enabling, 
receiver 
wake-up, 
and 
break 
code. 


TIE - 
Transmit 
Interrupt 
Enable 
1 = SCI interrupt 
enabled 
O=TDRE 
interrupt 
disabled 
TCIE - 
Transmit 
Complete 
Interrupt 
Enable 
1 = SCI interrupt 
enabled 
0= TC interrupt 
disabled 
RIE - 
Receive 
Interrupt 
Enable 
1 = SCI interrupt 
enabled 
0= RDRF and OR interrupts 
disabled 


ILiE - 
Idle Line Interrut 
Enable 
1 = SCI interrupt 
enabled 
0= Idle interrupt 
disabled 
TE - 
Transmit 
Enable 
1 = Transmit 
shift 
register 
output 
is applied 
to the TDO 
line. 
Depending 
upon 
the SCCR1 M bit, a pream- 
ble of 10 (M =0) 
or 11 (M = 1) consecutive 
ones 
is 
transmitted. 


0= Transmitter 
disabled 
after 
last 
byte 
is loaded 
in 
the 
SCDAT 
and 
TDRE 
is set. 
After 
last 
byte 
is 
transmitted, 
TDO line becomes 
a high-impedance 
line. 
RE - 
Receive 
Enable 
1 = Receiver 
shift 
register 
input 
is applied 
to the RDI 
line. 


0= Receiver 
disabled 
and 
RDRF, IDLE, OR, NF, and 
FE status 
bits are inhibited. 


RWU - 
Receiver 
Wake-Up 
1 = Places receiver 
in sleep 
mode 
and enables 
wake- 
up function 
0= Wake-up 
function 
disabled 
after 
receiving 
data 
word 
with 
MSB set (if WAKE = 1) 
Wake-up 
function 
also disabled 
after 
receiving 
10 
(M = 0) or 11 (M = 1) consecutive 
ones (if WAKE = 0) 
SBK - 
Send 
Break 
1 = Transmitter 
continually 
sends 
blocks 
of zeros (sets 
of 
10 or 
11) until 
cleared. 
Upon 
completion 
of 
break code, transmitter 
sends 
one high bit for rec- 
ognition 
of valid 
start 
bit. 


O=Transmitter 
sends 
10 (M=O) 
or 11 (M=1) 
zeros 
then 
reverts 
to an idle state or continues 
sending 
data. 
If transmitter 
is empty 
and idle, 
setting 
and 
clearing 
the 
SBK bit may 
queue 
up to two 
char- 
acter times 
of break 
because 
the first 
break trans- 


fers 
immediately 
to 
the 
shift 
register, 
and 
the 
second 
is queued 
into the parallel 
transmit 
buffer. 


Serial 
Communications 
Status 
Register 
(SCSR) $10 


The 
SCSR 
provides 
inputs 
to 
the 
SCI il1~errupt 
logic 
circuits. 
Noise 
flag 
and 
framing 
error 
bits 
are also 
con- 
tained 
in the SCSR. 


TDRE - 
Transmit 
Data Register 
(TDR) Empty 
1 = TDR contents 
transferred 
to the transmit 
data shift 
register 
0= TDR still contains 
data. TDRE is cleared 
by reading 
the SCSR (with 
TDRE = 1), followed 
by a write 
to 
the TDR. 


TC - 
Transmit 
Complete 
1 = Indicates 
end 
of data 
frame, 
preamble, 
or break 
condition 
has occurred 
0= TC bit cleared 
by reading 
the SCSR (with 
TC = 1). 


followed 
by a write 
to the TDR 
RDRF - 
Receive 
Data Register 
(RDR) Full 
1 = Receive 
data shift 
register 
contents 
transferred 
to 
the RDR 
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RDRF= 1l followed by a read of the RDR 
IDLE - 
Idle Line Detect 
1= Indicates receiver has detected an idle line 
0= IDLEis cleared by reading the SCSR(with IDLE= 1l, 
followed 
by a read of the RDR. Once IDLE is 
cleared, IDLEcannot be set until RDlline becomes 
active and idle again. 


OR - 
Overrun Error 
1= Indicates receive data shift register data is sent to 
a full RDR (RDRF=ll. 
Data causing the overrun 
is lost, and RDR data is not disturbed. 
0= OR is cleared by reading the SCSR (with OR= 1l, 


followed 
by a read of the RDR. 


NF - 
Noise Flag 
1= Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF=l. 
0= NF is cleared by reading the SCSR (with NF= 1I, 


followed 
by a read of the RDR. 


FE- 
Framing Error 
1= Indicates stop bit not detected in received data 
character. FE is set the same time RDRFis set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 


O=NF is cleared by reading the SCSR (with FE=l). 


followed 
by a read of the RDR. 


Bit 0 - 
Not used 
Can read either one or zero 


Baud Rate Register $00 


The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPOand SCP1 prescaler 
bits are used in conjunction with the SCROthrough SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 


"""r I - 
;)\.., rrescaler 
tjlt 1 
Two prescaler bits are used to increase the range of 
standard baud rates controlled 
by the SCR~SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 3. 
SCRO- 
SCI Baud Rate Bit 0 
SCR1- 
SCI Baud Rate Bit 1 
SCR2- 
SCI Baud Rate Bit 2 
Three baud rate bits are used to select the baud rates 
of the SCI transmitter 
and SCI receiver. Baud rates 
versus bit levels are listed in Table 4. 


Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCPO-SCP1and SCRO- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate reo 
suiting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2).For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO- 
SCP1)could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four 
prescaler is used, then the 
SCRO-SCR2bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 


The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14)or MCUs that can be either masters 
or slaves. 


Features: 


• 
Full-duplex, three-wire synchronous transfers 
• Master or slave operation 


SCP Bit 
Clock' 
Crystal Frequency MHz 


1 
0 
Divided By 
4.194304 
4.0 
2.4576 
2.0 
1.8432 


0 
0 
1 
131.072 
kHz 
125.000 
kHz 
76.80 
kHz 
62.50 
kHz 
57.60 
kHz 
0 
1 
3 
43.691 
kHz 
41.666 
kHz 
25.60 
kHz 
20.833 
kHz 
19.20 
kHz 
1 
0 
4 
32.768 
kHz 
31.250 
kHz 
19.20 
kHz 
15.625 
kHz 
14.40 
kHz 
1 
1 
13 
10.082 
kHz 
9600 
Hz 
5.907 
kHz 
4800 
Hz 
4430 
Hz 


NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the sel rate select bits as shown below for some representative prescaler outputs. 
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SCR Bits 
Divided 
Representative 
Highest Prescaler Baud Rate Output 


2 
1 
0 
By 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 


0 
0 
0 
1 
131.072 kHz 
32.768 kHz 
76.80 kHz 
19.20 kHz 
9600 Hz 
0 
0 
1 
2 
65.536 kHz 
16.384 kHz 
38.40 kHz 
9600 Hz 
4800 Hz 
0 
1 
0 
4 
32.768 kHz 
8.192 kHz 
19.20 kHz 
4800 Hz 
2400 Hz 
0 
1 
1 
8 
16.384 kHz 
4.096 kHz 
9600 Hz 
2400 Hz 
1200 Hz 
1 
0 
0 
16 
8.192 kHz 
2.048 kHz 
4800 Hz 
1200 Hz 
600 Hz 
1 
0 
1 
32 
4.096 kHz 
1.024 kHz 
2400 Hz 
600 Hz 
300 Hz 
1 
1 
0 
64 
2.048 kHz 
512 Hz 
1200 Hz 
300 Hz 
150 Hz 
1 
1 
1 
128 
1.024 kHz 
256 Hz 
600 Hz 
150 Hz 
75 Hz 


NOTE: Table 4 illustrates 
how the SCI select bits can be used to provide lower transmitter 
baud rates by further dividing 
the prescaler 
output frequency. 
The five examples 
are only representative 
samples. In all cases, the baud rates shown are transmit 
baud 
rates (transmit 
clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 


MISO 
M6805 HCMOS Slave 0 
MOSI 
SCK 
MISO 
SCK 
55 -vaG 
MOSI 
55 
- 
M6805 HCMOS 


Master,..---- 


p 
0 
0 
1 


R 
2 


T 
3 - 


I 
I 
1,- 
I I 1 
I. 
MOSI 
SS 
I 
MOSI 
SS 
MOSI 
SS 
MISO 
SCK 
MISO 
SCK 
MISO 
SCK 


M6805 HCMOS Slave 3 
M6805 HCMOS Slave 2 
M6805 HCMOS Slave 1 


• 
1.05 MHz (maximum) 
master 
bit frequency 
• 
2.1 MHz (maximum) 
slave 
bit frequency 
• 
Four 
programmable 
master 
bit rates 
• 
Programmable 
clock 
polarity 
and phase 
• 
End-of-transmission 
interrupt 
flag 
• 
Write 
collision 
flag 
protection 
• 
Master-master 
mode 
fault 
protection 
capability 


Master 
In, Slave 
Out 


The 
master 
in, slave 
out 
(MISO) 
line 
is configured 
as 
an input 
in a master 
device 
and 
as an output 
in a slave 
device. 
The MISO 
is one of two 
lines 
that 
transfer 
serial 
data 
in one 
direction 
with 
the 
most 
significant 
bit sent 
first. 
The MISO 
line of a slave 
device 
is placed 
in a high- 
impedance 
state 
if slave 
is not selected 
(SS = 1). 


SIGNAL 
DESCRIPTION 


The four 
basic signals 
(MOSI, 
MISO, 
SCK, and SS) are 
described 
in the following 
paragraphs. 
Each signal 
func- 
tion 
is described 
for 
both 
master 
and slave 
mode. 


Serial 
Clock 


The serial 
clock 
(SCK) is used to synchronize 
both 
data 
in and out of a device 
via the MOSI 
and MISO 
lines. 
The 
master 
and 
slave 
devices 
can exchange 
a byte 
of infor- 
mation 
during 
a sequence 
of 
eight 
clock 
cycles. 
Since 
SCK is generated 
by the master 
device, 
this 
line becomes 
an input 
on a slave 
device. 
As shown 
in Figure 
15, four 
possible 
timing 
relation- 
ships 
may 
be cho'sen 
by 
using 
control 
bits 
CPOL 
and 
CPHA in the serial 
peripheral 
control 
register 
(SPCR). Both 
master 
and 
slave 
devices 
must 
operate 
with 
the 
same 
timing. 


Master 
Out, 
Slave 
In 


The 
master 
out, 
slave 
in (MOSI) 
line 
is configured 
as 
an output 
in a master 
device 
and 
as an input 
in a slave 
device. 
The 
MOSI 
line 
is one 
of two 
lines 
that 
transfer 
serial 
data 
in one 
direction 
with 
the 
most 
significant 
bit 
sent first. 


I 
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55· (Slaves)1 
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-- ~-------- 
I 
Sample Input 
I 
Data out (CPHA= 1) 


Two 
bits (SPRO and SPR1) in the SPCR of the master 
device 
select the clock rate. In a slave device, 
SPRO and 
SPR1 have no effect 
on SPI operation. 


Slave Select 


The slave select (SS) input 
line selects a slave device. 


The SS line must 
be low 
prior 
to data transactions 
and 
must stay low for the duration 
of the transaction. 
The SS 
line on the master 
must 
be tied high; 
if the SS line goes 
low, 
a mode 
fault 
error 
flag 
(MODF) 
is set in the serial 
peripheral 
status 
register 
(SPSR). 


When 
CPHA=O, 
the 
shift 
clock 
is the 
OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive 
characters 
in an SPI message. When CPHA = 1, 


SS must 
go 
high 
between 
successive 
characters 
in an 
SPI message. 
When 
CPHA = 1, SS may 
be left 
low 
for 
several 
SPI characters. 
In cases where 
there 
is only 
one 
SPI slave 
MCU, the slave 
MCU SS line could 
be tied to 
VSS as long as CPHA= 
1 clock modes 
are used. 


Internal 
Processor 
Clock 


FUNCTIONAL 
DESCRIPTION 


A block diagram 
of the SPI is shown 
in Figure 
16. In a 
master 
configuration, 
the CPU sends a signal to the mas- 
ter start logic, which 
originates 
an SPI clock (SCK) based 
on the internal 
processor 
clock. As a master 
device, 
data 


is parallel 
loaded 
into 
the 
8-bit 
shift 
register 
from 
the 
internal 
bus during 
a write 
cycle and then serially 
shifted 
via the MOSI pin to the slave devices. 
During a read cycle, 
data is applied 
serially 
from 
a slave device 
via the MISO 
pin to the 8-bit shift 
register. 
Data is then 
parallel 
trans- 
ferred 
to the 
read buffer 
and made 
available 
to the 
in- 
ternal 
data bus during 
a CPU read cycle. 


In a slave configuration, 
the slave start 
logic 
receives 
a logic 
low 
at the SS pin and a clock 
input 
at the SCK 
pin. 
This 
synchronizes 
the slave 
with 
the 
master. 
Data 
from the master 
is received 
serially 
at the slave MOSI pin 
and shifted 
into the 8-bit shift register 
for a parallel 
trans- 
fer to the read buffer. 
During 
a write cycle, data is parallel 
loaded 
into the 8-bit shift 
register 
from 
the internal 
data 


Internal 


Oa13 
Bus 
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bus, awaiting the clocks from the master to shift out se- 
rrally to the MISO pin and then to the master device. 


Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 


REGISTERS 


There are three registers in the SPIthat provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCRl.serial peripheral 
status register (SPSR),and serial peripheral data I/O reg- 
ister (SPDR), are described in the following 
paragraphs. 


Serial Peripheral Control Register $OA 


The SPCRprovides control of individual SPI functions 
such as interrupt and system enabling/disabling, 
master/ 


slave mode select, and clock polarity/phase/rate select. 


SPIE - 
Serial Peripheral Interrupt Enable 
1= SPI interrupt enabled 
0= SPI interrupt disabled 
SPE- 
Serial Peripheral System Enable 
1= SPI system on 
O=SPI system off 
MSTR - 
Master Mode Select 
1= Master mode 
O=S(ave mode 
CPOL - 
Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 


1= SCK line idles high 
O=SCK line idles in low state 
CPHA - 
Clock Phase 
Clock phase bit along with CPOL controls the clock- 
data relationship 
between the master and slave de- 
vices.-9'OL 
selects one of two clocking protocols. 


1= SS is an output enable control. 
O=Shift clock is the OR of SCK with SS. 


When SS is low, first edge of SCK invokes first 
data sample. 


SPRO,SPRl - 
SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following 
table. 


Bit 5 - Not used 
Can read either one or zero 


SPRl 
SPRO 
Internal Processor 
Clock Divided By 


0 
0 
2 
0 
1 
4 


1 
0 
16 
1 
1 
32 


Serial Peripheral Status Register SOB 


The SPSR contains three status bits. 


RESET: 


o 


SPIF- 
Serial Peripheral Data Transfer Flag 
1= Indicates data transfer completed between pro- 
cessor and external device. 
(If SPIF= 1 and SPIE= 1, SPI interrupt 
is ena- 
bled.) 
0= Clearing is accomplished by reading SPSR(with 
SPIF= 1) followed by SPDR access. 


WCOL - 
Write Collision 
1= Indicates an attempt is made to write to SPDR 
while data transfer is in process. 


O=Clearing is accomplished by reading SPSR(with 
WCOL= 1), followed by SPDR access. 


MODF - 
Mode Fault Flag 
1= Indicates multi-master system control conflict. 
O=Clearing is accomplished by reading SPSR(with 
MODF= 1), followed by a write to the SPCR. 


Bits 0-3, and 5 - 
Not used 
Can read either zero or one 


I 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-919 


I 


I lit' 
,,'-UN 
IS a read/write 
register 
used to receive 
and 
transmit 
SPI data. 


runction 
Mnemonic 


Load A from Memory 
LDA 


Load X from Memory 
LDX 


Store A in Memory 
STA 


Store X in Memory 
STX 


Add Memory to A 
ADD 


Add Memory and Carry to A 
ADC 


Subtract Memory 
SUB 


Subtract Memory from A with Borrow 
SBC 


AND Memory to A 
AND 


OR Memory with A 
ORA 


Exclusive OR Memory with A 
EOR 


Arithmetic Compare A with Memory 
CMP 


Arithmetic Compare X with Memory 
CPX 


Bit Test Memory with A (Logical Compare) 
BIT 


Jump Unconditional 
JMP 


Jump to Subroutine 
JSR 


A write 
to the SPDR places data directly 
into the shift 
register 
for transmission. 
Only a write to this register 
will 
initiate 
transmission/reception 
of another 
byte and will 
only 
occur 
in the master 
device. 
On completion 
of byte 
transmission, 
the SPIF status bit is set in both master and 
slave devices. 
A read to the SPDR causes the buffer 
to be read. The 
first SPIF status bit must be cleared 
by the time a second 
data 
transfer 
from 
the shift 
register 
to the 
read 
buffer 
begins, or an overrun 
condition 
will exist. In overrun cases, 


the byte causing 
the overrun 
is lost. 


The MCU has a set of 62 basic instructions. 
They can 
be divided 
into five different 
types: register/memory, 
read- 
modify-write, 
branch, 
bit manipulation, 
and control. 
The 
following 
paragraphs 
briefly 
explain 
each type. 


This 
MCU 
uses 
all the 
instructions 
available 
in the 
M146805 
CMOS 
Family 
plus 
one 
more: 
the 
unsigned 
multiply 
(MUL) 
instruction. 
This 
instruction 
allows 
un- 
signed 
multiplication 
of the contents 
of the accumulator 
(A) and the index 
register 
(X). The high-order 
product 
is 
then stored 
in the index register, 
and the low-order 
prod- 
uct is stored 
in the accumulator. 
A detailed 
definition 
of 
the MUL instruction 
is shown 
below. 


Operation 
X:A X"A 


Description 
Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


Condition 
H: Cleared 
Codes 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 


Source 
MUL 


Form(s) 
Addressing I 
I 
Mode 
Cycles 
Bytes I Opcode 
Inherent 
11 
1 
$42 


REGISTER/MEMORY 
INSTRUCTIONS 


Most of these 
instructions 
use two 
operands. 
One op- 


erand is either the accumulator 
or the index register. 
The 
other operand 
is obtained 
from 
memory 
using one of the 
addressing 
modes. 
The jump 
unconditional 
(JMP) 
and 
jump 
to subroutine 
(JSR) instructions 
have no register 
operand. 
Refer to the following 
instruction 
list. 


READ·MODIFY·WRITE 
INSTRUCTIONS 


These 
instructions 
read a memory 
location 
or a reg- 
ister, modify 
or test its contents, 
and write 
the modified 
value 
back to 
memory 
or to the 
register. 
The test for 
negative 
or zero (TST) instruction 
is an exception 
to the 
read-modify-write 
sequence 
since it does not modify 
the 
value. 
Refer to the following 
list of instructions. 


Function 
Mnemonic 


Increment 
INC 


Decrement 
DEC 


Clear 
CLR 


Complement 
COM 


Negate (Twos Complement) 
NEG 


Rotate Left Thru Carry 
ROL 


Rotate Right Thru Carry 
ROR 


Logical Shift Left 
LSL 


Logical Shift Right 
LSR 


Arithmetic Shift Right 
ASR 


Test for Negative or Zero 
TST 


Multiply 
MUL 


BRANCH 
INSTRUCTIONS 


This set of instructions 
branches 
if a particular 
condi- 
tion is met; otherwise, 
no operation 
is performed. 
Branch 
instructions 
are two-byte 
instructions. 
Refer to the fol- 
lowing 
list for branch 
instructions. 


Function 
Mnemonic 


Branch Always 
BRA 


Branch Never 
BRN 
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Branch if Lower or Same 
BLS 


Branch if Carry Clear 
BCC 


Branch if Higher or Same 
BHS 


Branch if Carry Set 
BCS 


Branch if Lower 
BLO 


.Branch if Not Equal 
BNE 


Branch if Equal 
BEQ 


Branch if Half Carry Clear 
BHCC 


Branch if Half Carry Set 
BHCS 


Branch if Plus 
BPL 


Branch if Minus 
BMI 


Branch if Interrupt 
Mask Bit is Clear 
BMC 


Branch if Interrupt 
Mask Bit is Set 
BMS 


Branch if Interrupt 
Line is Low 
BIL 


Branch if Interrupt 
Line is High 
BIH 


Branch to Subroutine 
BSR 


BIT MANIPULATION 
INSTRUCTIONS 


The MCU 
is capable 
of setting 
or clearing 
any writable 
bit which 
resides 
in the 
first 
256 bytes 
of the 
memory 
space 
where 
all 
port 
registers, 
port 
DDRs, timer, 
timer 
control, 
ROM, 
and 
on-chip 
RAM 
reside. 
An 
additional 
feature 
allows 
the software 
to test and branch 
on the state 
of any bit within 
these 
256 locations. 
The bit set, bit clear 
and 
bit test, 
and 
branch 
functions 
are all implemented 
with 
a single 
instruction. 
For test and branch 
instructions, 
the value 
of the 
bit tested 
is also 
placed 
in the 
carry 
bit 
of the condition 
code 
register. 
Refer to the following 
list 
for 
bit manipulation 
instructions. 


Function 
Mnemonic 


Branch if Bit n is Set 
BRSET n (n=O ... 
7) 


Branch if Bit n is Clear 
BRCLR n (n=O ... 
7) 


Set Bit n 
BSET n (n = 0 ... 
7) 


Clear Bit n 
BCLR n (n = 0 ... 
7) 


CONTROL 
INSTRUCTIONS 


These 
instructions 
are register 
reference 
instructions 
and are used to control 
processor 
operation 
during 
pro- 
gram 
execution. 
Refer 
to 
the 
following 
list 
for 
control 
instructions. 


Function 
Mnemonic 


Transfer A to X 
TAX 


Transfer X to A 
TXA 


Set Carry Bit 
SEC 


Clear Carry Bit 
CLC 


Set Interrupt 
Mask Bit 
SEI 


D~f;.6Interrupt 
Mask Bit 
CLI 


Software Interrupt 
SWI 


Return from Subroutine 
RTS 


Return from Interrupt 
RTI 


Reset Stack Pointer 
RSP 


No-Operation 
NOP 


Stop 
STOP 


Wait 
WAIT 


OPCODE 
MAP SUMMARY 


Table 
5 is an opcode 
map for the instructions 
used on 
the MCU. 


The MCU 
uses ten different 
addressing 
modes 
to pro- 


vide the programmer 
with 
an opportunity 
to optimize 
the 
code 
for 
all situations. 
The various 
indexed 
addressing 
modes 
make 
it possible 
to locate 
data 
tables, 
code 
con- 
version 
tables, 
and scaling 
tables 
anywhere 
in the mem- 
ory 
space. 
Short 
indexed 
accesses 
are 
single 
byte 
instructions; 
the longest 
instructions 
(three 
bytes) 
permit 
accessing 
tables 
throughout 
memory. 
Short 
and long ab- 


solute 
addressing 
is also 
included. 
One- or two-byte 
di- 
rect addressing 
instructions 
access 
all data bytes 
in most 
applications. 
Extended 
addressing 
permits 
jump 
instruc- 
tions 
to reach 
all memory. 


The term 
"effective 
address" 
(EA) is used in describing 
the 
various 
addressing 
modes. 
Effective 
address 
is de- 


fined 
as the 
address 
from 
which 
the 
argument 
for 
an 
instruction 
is fetched 
or stored. 


IMMEDIATE 


In the immediate 
addressing 
mode, 
the operand 
is con- 


tained 
in the byte immediately 
following 
the opcode. 
The 
immediate 
addressing 
mode 
is used to access 
constants 
that 
do 
not 
change 
during 
program 
execution 
(e.g., 
a 
constant 
used to initialize 
a loop 
counter). 


DIRECT 


In the direct 
addressing 
mode, 
the effective 
address 
of 
the argument 
is contained 
in a single 
byte following 
the 
opcode 
byte. Direct 
addressing 
allows 
the user to directly 
address 
the 
lowest 
256 bytes 
in memory 
with 
a single 
two-byte 
instruction. 


EXTENDED 


In the extended 
addressing 
mode, 
the effective 
address 
of the argument 
is contained 
in the two 
bytes 
following 
the opcode 
byte. 
Instructions 
with 
extended 
addressing 
mode 
are capable 
of referencing 
arguments 
anywhere 
in 
memory 
with 
a single 
three-byte 
instruction. 
When 
using 
the Motorola 
assembler, 
the user need not specify 
whether 
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Bit - 


8.onch 
Roodl 
IWritt 
Control 
R "I- 
I 
, 
~ 
.:.. 
~, 
rt,o 
r1" 
.:.., 
.,~, 
.,~. 
I 
e 
• 
A 
~1 
1~ 
1~' 
lltlO 
~ 
'" 
''''' 
"Xli 
1010 
1111 


~ 
8RSEJf: 
BSE~~r 
BRA 
J 


NEGl"\lR 
1 NEG~r.lH 
NEGX 
J 
NEG 
6 
NEG 
' 
RT' 
SU~ ••• 
SUB"'I: 
SUB 
SU8,., 
SUB,., 
SUB 
,: 
~ 
'" 
, 
ON" 
'" 
, 
" 
, 
, " 
XT 


6 
3 
6 
, 
3 
· 
, 
· 


3 


"),, 
BACl:TO 
A 
BCL~~r 
BANR~' 
RTS 
CMP 
CMPnlR 
CMP 
CMP 
CMP 
CMP 
"),, 
, 
ON" 
lMM 
XT 
" 
'" 
, 
" 
..' 
BH'.,: 
" 


3 


SBC 
' 
rJ,tI 
J10 
8RSEJ,'. 
BSE~~r 
MUL 
SBC 
SBC"IR 
SBC 
SBC 
S8C 
, 
'N" 
'MM 
X, 
,X 
,X, , 
IX 


BRCL~T': 
, 
3 
, 
3 
3 
6 
, 
'0 
CPX --,- 
CPX 
' 


~1 
BCL~;r 
BLS." 
COM.,. 
I COM~,u 
I COM~'H 
COM 


1V1 
COM 
$WI 
CPX 
CPX 
CPX 
CPX 
rJl1 
, 
IX 
, 
'N" 
'MM 
OIR 
XT 
" 
'" 
, 
IX 


8RSEU: 


5 
3 
3 
6 
5 
ANO 
J 
ANO 
' 
o:'m 
BSE~~, 
BCC 
LSA.- 


TR 
LSRA 
LSRX 
LSR 
LSR 
AN?·M 
AND 
AND 
, 
ANDllll 
,:'m 
, 
, 
'N" , 
'N" 
'" 
, 
" 


"'1' 
xT 
" 
, 
I 


BRCL~,2: 


3 


BIT •.•.1: 
· 
· 
BIT 
,: 
o~, 
BCL~~r 
BCS,,, 
B'\ •••• 
8IT~YT 
BIT ,., 
BIT Illl 
n~, 


8RSEJi: 


3 
3 
6 
5 
, 
3 
· 
· 


LOA 
J 
n~n 
BSE~~r 
BNE,,, 
RORn,. 
1 AOA~ 
•• 
1 ROR~I\l" 
ROAlll1 
ROR 
LDA 
LDAnlR 
LDA 
LDA 
LDA 
~n 
, 
" 


IMM 
X, 
" 
'" 
, 
" 


BRCL~,3: 


3 
3 
, 
, 
, 


0111 
BCL~~r I, BEO,,, 
ASRnlR 
1 ASR~H 
A$RX 
ASR 
ASR 
TAX 
STAnlR 
STA Xl 
'I 
STALl!' 
STA 
STA 
IV 
, 
, 
'N" 
'" 
, 
" 
, 
IN" 
'" 
, 
'" 


lSl~l\l: 
LSL 
6 
lSL 
' 
, 
3 
· 
EOR 
' 
,~ 
8RSEJ:, 
BSE~~r 
I , BHC~" 
lSL 


nl 
1 LSL~""H 
CLC,"" 
EO~MU 
EOA 


nlR 
EOR Xl 
J 
EOA1X 
EOR 
,~ 
, 
'" 
, 
" 
'" 
, 
IX 


3 
, 
3 
3 
, 
, 
, 
, 


ADC 
3 
· 
ADC 
' 
1!' 


BRCL~,4 
BCL~~r 
BHC~" 
ROl 


n1R 
1 ROl~ •..••.• 1 ROl~"'H 
ROL 
ROL 
SEC 
ADC 
ADC 
ADC 
ADC 
9 


'" 
, 
IX 
, 
IN" , 
'MM , 
OIR 
3 
'" 


IX , 
'" 
, 
IX 
'00' 


J 
3 
, 
, 


ORA' 
,to. 
8RSEJ;. 
8SE~~r 
BPLR,", 
DEC 


nlR 
DECA 
Dee x 
DEC 
DEC 
ClI 
ORA 
ORA 
ORA 
ORA 
ORA 
A 
, 
IN" 
, 
IN" , 
'" 


I 
" 
, 
IN" , 
IMM 
OIR 
3 
'" 


IX 
IX' , 
" 


1010 


l~' 
-' 


BCL~~r 
BM' 
3 
ADD 
J 
8RCL~,5. 
SE' 
ADD 
AOO"'IR 
ADD 
ADD 
ADD 
8 


'" 
, 
IN" 
IMM 
XT 
IX 
'XI 
, 
IX 
'" 


BRSEJf: 
BMC 
J 
3 
, 
, 


1~ 
BSE~~r 
INC"IR 
INCA 
INCX 
INC 
'NC 
RSP 
JMPnlR 
JMP 
JMP 
JMP 
JMP 
C 
R" 
I 
'N" 
I 
IN" 
IXI , 
" 
, 
IN" 
" 
IX 
IXI 
, 
IX 
1100 


8RCL~~: 
BM~,: 


TST 
!l 
. 
, 
,g, 
8CL~~, 
TST ". 
TSlA 
1 TST~NH 
'S' 
NOP 
BSR,,, 
JSR 
JSR 
JSR 
JSR 
JSR 
lPn, 
, 
I " 
'" 
, 
" 
, 
IN" 
OIR 
EXT 
IX 
IXI 
, 
IX 


l1~n 
8RSE!!: 
8SE~~, 
BIL 
J 
STOP 
LDx 
LDX 
LDX 
LOX 
LDX 
LDX 
E 
, 
, 
ON" 
'MM 
OIR 
'" 


IX 
IXI 
, 
IX 
\110 


F 
8RCLR" 
CLR 
' 
, 


(LR 
~ 
BCLR, 
BIH 
ClRA 
(lRX 
CLR 
WAIT 
TXA 
STX 
STX 
STX 
STX 
STX 
F 


1111 
3 
'TO , 
BSC , 
", , 
OIR , 
IN" 
, 
'N" , 
IX' 
, 
IX 
I 
IN" 
, 
'N" 
, 
OIR 
3 
'" 


3 
'Xl , 
IX' , 
IX 
1111 


Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relltive 
Bit Set/CIeo. 
Bit Test end B•• nch 
Indexed INo Offset) 
Indexed, 
1 Byte IB-Bitl Offset 
Indexed. 2 Byte 1'B-BitJ Offset 


an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE 
The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from -126 to + 129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, 
NO OFFSET 
Inthe indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can accessthe first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 
8-BIT OFFSET 
In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum ofthe contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 
16-BIT OFFSET 
In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum ofthe contents ofthe unsigned 


8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND 
BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear). is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PCif the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from -125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessaryto execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VOO 
-0.3 
to + 7.0 
V 


Input Voltage 
Vin 
VSS -0.3 
to 
V 
VOO +0.3 


Self-Check Mode (IRQ Pin Only) 
Vin 
VSS-0.3 
to 
V 
2xVOO+0.3 


Current Drain Per Pin Excluding 
I 
25 
mA 
VOO and VSS 


Operating 
Temperature 
Range 
TA 
TL to TH 
·C 
MC68HC05CSP, FN 
o to + 70 
MC68HC05CSCP, CFN 
-40 
to +S5 
MC68HC05CSVP, VFN 
-40 
to + 105 
MC68HC05CSMP, MFN 
-40 
to + 125 


Storage Temperature 
Range 
Tsto 
-65 
to +150 
·C 


Characteristic 
Symbol 
Value 
Unit 


Thermal 
Resistance 
8JA 
·CIW 
Plastic 
60 
Plastic Leaded Chip Carrier (PLCC) 
70 


The 
average 
chip-junction 
temperature, 
TJ' in ·C can 
be obtained 
from: 


TJ=TA+(PO"SJA) 
(1) 
where: 


TA 
SJA 


Po 
PINT 
PliO 


= Ambient 
Temperature, 
°c 
= Package 
Thermal 
Resistance, 


Junction-to-Ambient, 
°CIW 


= PINT+PI/O 
= ICC x VCC' Watts 
- 
Chip 
Internal 
Power 


= Power 
Oissipation 
on Input 
and Output 
Pins - 
User 
Oetermined 


This device contains circuitry to protect the in- 


puts against damage due to high static voltages 
or electric fields; 
however, it is advised that nor- 
mal precautions 
be taken to avoid application 
of 
any voltage higher than maximum-rated 
voltages 


to this high-impedance 
circuit. 
For proper oper- 


ation, it is recommended 
that Vin and Vout be 


constrained 
to the range VSS ., (Vin or Vout) ., 


VOO. Reliability 
of operation 
is enhanced 
if un- 
used inputs are connected to an appropriate 
logic 


voltage level (e.g., either VSS or VOOI. 


For most 
applications 
PI/O<PINT 
and can be neglected. 


The following 
is an approximate 
relationship 
between 
Po and TJ (if PI/O is neglected): 


PO=K+(TJ+273°C) 
(2) 


Solving 
equations 
(1) and (2) for K gives: 


K = Po " (TA + 273°C) + 8JA"P02 
(3) 


where 
K is a constant 
pertaining 
to the particular 
part. 
K 


can be determined 
from 
equation 
(3) by measuring 
Po 
(at equilibrium) 
for 
a known 
TA. Using 
this 
value 
of K, 


the values 
of Po and TJ can be obtained 
by solving 
equa- 
tions 
(1) and (2) iteratively 
for any value 
of TA- 


C 


(See 
Tablel 


Pins 
R1 
R2 
C 


PAD-PA7, 
3.26 kfl 
2.3S kfl 
50 pF 
PBO-PB7, 
PCO-PC7, 
P01-P04 


POO,P05, P07 
1.9 kfl 
2.26 kfl 
200 pF 


Pins 
R1 
R2 
C 


PAD-PA7, 
10.91 kfl 
50 pF 
PBO-PB7, 
6.32 kfl 
PCO-PC7, 
P01-P04 


POO,P05, P07 
6 kfl 
6 kfl 
200 pF 


MOTOROLA 
MICROPROCESSOR 
DATA 


3-924 


DC ELECTRICAL CHARACTERISTICS 
(VOO=5.0 Vdc± 10%, VSS=O Vdc, TA=TL 
to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, ILoad<;;10.0 p..A 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-O.l 
- 
- 


Output High Voltage 
VOH 
V 
(ILoad=0.8 
mAl PAO-PA7,PBO-PB7,PCO-PC7,TCMP Isee Figure 19) 
VOO-0.8 
- 
- 
(ILoad = 1.6 mAl P01-P04 (see Figure 201 
VOO-0.8 
- 
- 


Output Low Voltage Isee Figure 21) 
VOL 
- 
- 
0.4 
V 
(ILoad=1.6 
mAl PAO-PA7, PBO-PB7,PCO-PC7,P01-P04, TeMP 


Input High Voltage 
- 
VIH 
0.7xVOO 
- 
VOO 
V 
PAO-PA7, PBO-PB7,PCO-PC7,POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 


Input Low Voltage 
- 
VIL 
VSS 
- 
0.2xVOO 
V 
PAO-PA7, PBO-PB7,PCO-PC7,POO-P05, P07, TCAP, IRQ, 
RESET,OSCl 


Oata Retention Mode (0· to 70·C) 
VRM 
2.0 
- 
- 
V 


Supply Current Isee Notes) 
100 
Run (see Figures 22 and 23) 
- 
3.5 
7.0 
mA 
Wait Isee Figures 22 and 23) 
- 
1.6 
4.0 
mA 
Stop (see Figure 23) 
25·C 
- 
2.0 
50 
p..A 


O· to 70·C (Standard) 
- 
- 
140 
p..A 


-40· 
to +85·C 
- 
- 
180 
p..A 


-40· 
to + 125·C 
- 
- 
250 
p..A 


I/O Ports Hi-Z Leakage Current 
IlL 
- 
- 
±10 
p..A 


PAO-PA7, PBO-PB7,PCO-PC7,P01-P04 


Input Current 
lin 
- 
- 
±1 
p..A 


RESET, IRQ, TCAP, OSC1, POO,P05, P07 


Capacitance 
pF 
Ports (a~ut 
or Outputl 
Cout 
- 
- 
12 


RESET, IRQ, TCAP, POO-P05, P07 
Cin 
- 
- 
8 


NOTES: 


1. All values shown reflect average measurements. 
2. Typical values at midpoint 
of voltage range, 25·C only. 


3. Wait 100: Only timer system active (SPE=TE=RE~O).lf 
SPI, SCI active (SPE=TE=RE=l) 
add 10% current draw. 
4. Run (Operating) 
100, Wait 100: Measured using external square wave clock source (fosc=4.2 
MHz), all inputs 0.2 V from rail; 


no de loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 
5. Wait, Stop 100: All ports configured 
as inputs, VIL = 0.2 V, VIH = VOO- 0.2 V. 
6. Stop 100 measured with OSCl =VSS. 
7. Standard temperature 
range is O· to 70·C. Extended temperature 
(-40· 
to + 85·C, -40· 
to + 125·C) versions and a 25·C only 
version 
are available. 
8. Wait '00 
is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL 
CHARACTERISTICS 
(VOO=3.3 Vdc±10%, 
VSS=O Vdc, TA=TL 
to TH, unless otherwise 
noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Output Voltage, ILoad,,;;10.0 !1A 
VOL 
- 
- 
0.1 
V 
VOH 
VOO-O.l 
- 
- 


Output High Voltage 
VOH 
V 
(ILoad=0.2 
mAl PAO-PA7,PBO-PB7,PCO-PC7,TCMP (see Figure 19) 
VOO-0.3 
- 
- 
(ILoad=0.4 
mAl P01-PD4 (see Figure 20) 
VOO-0.3 
- 
- 


Output Low Voltage (see Figure 21) 
VOL 
- 
- 
0.3 
V 
(ILoad =0.4 mAl PAO-PA7, PBD-PB7,PCO-PC7,P01-PD4, TCMP 


Input High Voltage 
- 
VIH 
0.7XVOO 
- 
VOO 
V 
PAD-PA7, PBD-PB7, PCO-PC7,PDO-POS,P07, TCAP, IRQ, 
RESET,OSCl 


Input Low Voltage 
- 
VIL 
VSS 
- 
0.2XVOO 
V 
PAD-PA7, PBD-PB7, PCO-PC7,POO-POS,P07, TCAP, IRQ, 
RESET,OSCl 


Data Retention Mode (0" to 70"C) 
VRM 
2.0 
- 
- 
V 


Supply Current (see Notes) 
100 
Run (see Figures 22 and 24) 
- 
1.0 
2.S 
mA 
Wait (see Figures 22 and 24) 
- 
O.S 
1.4 
mA 
Stop (see Figure 24) 


2S"C 
- 
1.0 
30 
!1A 
0" to 70"C (Standard) 
- 
- 
80 
!1A 
-40" 
to +8S"C 
- 
- 
120 
!1A 
-40" 
to + 12S"C 
- 
- 
17S 
!1A 


I/O Ports Hi-Z Leakage Current 
IlL 
- 
- 
±10 
!1A 
PAO-PA7, PBD-PB7, PCO-PC7,P01-PD4 


Input Current 
lin 
- 
- 
±1 
!1A 
RESE~IRQ, 
TCAP,OSC1,PDO,POS,P07 


Capacitance 
pF 
Ports (a~ut 
or Output) 
Cout 
- 
- 
12 
RESET, IRQ, TCAP, PDO-POS,P07 
Cin 
- 
- 
8 


NOTES: 


1. All values shown reflect average measurements. 
2. Typical values at midpoint 
of voltage range, 2S"C only. 


3. Wait 100: Only timer system active (SPE=TE = RE=0). If SPI, SCI active (SPE~ TE = RE= 1) add 10% current draw. 
4. Run (Operating) 
100, Wait 100: Measured using external square wave clock source (fosc=4.2 
MHz), all inputs 0.2 V from rail; 


no dc loads, less than 50 pF on all outputs, CL= 20 pF on OSC2. 


S. Wait, Stop 100: All ports configured 
as inputs, VIL =0.2 V, VIH~VOO-0.2 
V. 


6. Stop 100 measured with OSCl = VSS. 
7. Standard temperature 
range is 0" to 70"C. Extended temperature 
(-40" 
to +8S"C, -40" 
to + 12S"C) versions and a 2S"C only 
version are available. 


8. Wait 100 is affected linearly by the OSC2 capacitance. 
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3.0 
;{! 
I9 
2.0 


I 


0.4 


YOO-YOH (Yolts) 


4.0 


;{! 3.0 
9 


2.0 
~ 
=- 4.0 
:t9 
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7.0 


6.0 


5.0 


4.0 
~ 
E 
0 
£> 


3.0 


2.0 


1.0 


0 
0 
I 


1.5 
~ 
E 
0 
£> 


1.0 


05 


0 
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Chencteriatk: 
Symbol 
Min 
M•• 
Unit 


Frequency of Operetion 
fosc 
MHz 
CrystlIl Option 
- 
4.2 
External Clock Option 
de 
4.2 


Internal Opereting 
Frequency 
fop 
MHz 
CrystlIl (fosc +2) 
- 
2.1 
External Clock (folC +2) 
de 
2.1 


Cycle Time (see Figure 28) 
tevc 
480 
- 
ns 


CrystlIl Oscilletor 
Stertup Time (see Figure 28) 
tOXOV 
- 
100 
ms 


Stop Recovery Stertup Time (Crystal Oscillator) (see Figure 25) 
tlLCH 
- 
100 
ms 


RESET Pulse Width (see Figure 28) 
tRL 
1.5 
- 
tcvc 


Timer 
Resolution** 
tRESL 
4.0 
- 
tcvc 
Input Cepture Pulse Width (see Figure 26) 
tTH. tTL 
125 
- 
ns 
Input Cepture Pulse Period (see Figure 26) 
tTLTL 
... 
- 
tevc 


Interrupt 
Pulse Width Low (Edge-Triggered) 
(see Figure 8) 
tlLlH 
125 
- 
ns 


Interrupt 
Pulse Period (see Figure 8) 
tlLlL 
. 
- 
tcvc 


OSCl Pulse Width 
tOH.tOL 
90 
- 
ns 


*The minimum 
period tlLIL should not be less than the number of cycle times it takes to execute the interrupt 
service routine plus 
21lcyc. 


**Since 
a 2-bit prescaler in the timer must count four internal cycles (lcye!. this is the limiting 
minimum 
factor in determining 
the 
timer resolution. 
***The 
minimum 
period tTLTL should not be less then the number of cycle times it takes to execute the capture interrupt 
service 
routine plus 24lcyc. 


OSC1' ~/IIIIIIIIII 
~IIIIIIIIIII 


tRL 


Internal 
Address 
Bus 


RESET or Interrupt 
Vector Fetch 
NOTES: 


1. R_IS 
the intemalll"ting 
of the OSCI 
pin. 


2. ilm pin odge-sensitive 
mask option. 


3. ilm pin _ 
.nd odge-sensitive 
mask option. 


4. mn' \IllCto< Idd'ess 
shown for timing elUlmple. 
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CONmOL 
TIMING 
(VOO=3.3 Vdc±0.3 
Vdc. VSS=O Vdc. TA=TL 
to TH) 


CharKteristic 
Symbol 
Mln 
Mu 
Unit 


Frequency of Operation 
fosc 
MHz 
Crystal Option 
- 
2.0 
External Clock Option 
. 
dc 
2.0 


Internal Operating 
Frequency 
fop 
MHz 
Crystal (fosc + 2) 
- 
1.0 
External Clock (fosc+2) 
dc 
1.0 


Cycle Time (see Figure 28) 
!evc 
1000 
- 
ns 


Crystal Oscillator 
Startup Time (see Figure 28) 
tOXOV 
- 
100 
ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 
tlLCH 
- 
100 
ms 


RESET Pulse Width - 
Excluding Power-Up (see Figure 28) 
tRL 
1.5 
- 
!evc 


Timer 
Resolution·· 
tRESL 
4.0 
- 
!eyc 


Input Capture Pulse Width (see Figure 26) 
lTH. lTL 
250 
- 
ns 
Input Capture Pulse Period (see Figure 26) 
lTLTL 
... 
- 
lcyc 


Interrupt 
Pulse Width Low (Edge-Triggered) 
(see Figure 8) 
tlLlH 
250 
- 
ns 


Interrupt 
Pulse Period (see Figure 8) 
tlLlL 
. 
- 
!evc 


OSCl Pulse Width 
tOH. taL 
200 
- 
ns 


'The 
minimum 
period tlLlL should not be less than the number of cycle times it takes to execute the interrupt 
service routine plus 
21 tcyc. 
"Since 
a 2-bit prescaler in the timer must count four internal cycles (leyel. this is the limiting 
minimum 
factor in determining 
the 
timer resolution. 


"'The 
minimum 
period lTLTL should not be less than the number of cycle times it takes to execute the capture interrupt 
service 
routine plus 24lcyc. 


External 


Signal 
(TeAP 


Pin 
37) 


~tTLTL~ 
• 
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SERIAL PERIPHERAL INTERFACE (SPI) nMING 
(VOO=5.0 Vdc±lO%, 
VSS=O Vdc, TA=TL 
to TH) (see Figure 27) 


Hum. 
Clulrectntic 
Symbol 
Min 
Max 
Unit 


Operating 
Frequency 
Master 
fop(m) 
dc 
0.5 
fop 
Slave 
foolsl 
dc 
2.1 
MHz 


1 
Cycle Time 
Master 
t~(m) 
2.0 
- 
tcyc 
Slave 
clsl 
480 
- 
ns 


2 
Enable Lead Time 
Master 
tlead(m) 
. 
- 
ns 
Slave 
tlead(s) 
240 
- 
ns 


3 
Enable Lag Time 
Master 
tlag(m) 
. 
- 
ns 
Slave 
tlaa/sl 
240 
- 
ns 


4 
Clock (SCK) High Time 
Master 
tw(SCKH)m 
340 
- 
ns 
Slave 
tw/SCKHls 
190 
- 
ns 


5 
Clock (SCK) Low Time 
Master 
tw(SCKL)m 
340 
- 
ns 
Slave 
tw(SCKUs 
190 
- 
ns 


6 
Data Setup Time (Inputs) 
Master 
tsu(m) 
100 
- 
ns 
Slave 
tsu(s) 
100 
- 
ns 


7 
Data Hold Time (Inputs) 
Master 
th(m) 
100 
- 
ns 
Slave 
th/sl 
100 
- 
ns 


8 
Access Time (Time to Data Active from High-Impedance 
State) 
Slave 
ta 
0 
120 
ns 


9 
Disable Time (Hold Time to High-Impedance 
State) 
Slave 
ldis 
- 
240 
ns 


10 
Data Valid 
Master (Before Capture Edge) 
tv(m) 
0.25 
- 
tcyc(m) 
Slave (After Enable Edge)" 
tv/sl 
- 
240 
ns 


11 
Data Hold Time (Outputs) 
Master (After Capture Edge) 
tho(m) 
0.25 
- 
tcyc(m) 
Slave (After Enable Edge) 
tho(s) 
0 
- 
ns 


12 
Rise Time (20% VOO to 70% VOO, CL= 200 pF) 
SPI Outputs (SCK, MOSI, and MISOL 
trm 
- 
100 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
trs 
- 
2.0 
ILS 


13 
Fall Time (70% VOO to 20% VOO, CL= 200 pF) 
SPI Outputs (SCK, MOSI, and MISOL 
tfm 
- 
100 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
tfs 
- 
2.0 
J.LS 


'Signal 
production 
depends on software . 


•• Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(VDD=3.3 
Vdc±0.3 
Vdc, VSS=O Vdc, TA=TL 
to TH) (see Figure 27) 


Num. 
Characteristic 
Symbol 
Min 
M•• 
Unit 


Operating 
Frequency 
Master 
fop(m) 
dc 
0.5 
fop 
Slave 
fop(s) 
dc 
1.0 
MHz 


1 
Cycle Time 
Master 
tcyc(m) 
2.0 
- 
!eyc 
Slave 
tevcls) 
1.0 
- 
fLs 


2 
Enable Lead Time 
Master 
tlead(m) 
. 
- 
ns 
Slave 
tleadls) 
500 
- 
ns 


3 
Enable Lag Time 
Master 
tlag(m) 
. 
- 
ns 
Slave 
tlaa(s) 
500 
- 
ns 


4 
Clock (SCK) High Time 
Master 
tw(SCKH)m 
720 
- 
•••• 
Slave 
tw(SCKH)s 
400 
- 
ns 


5 
Clock (SCK) Low Time 
Master 
tw(SCKL)m 
720 
- 
•••• 
Slave 
tw(SCKL)s 
400 
- 
ns 


6 
Data Setup Time (Inputs) 
Master 
tsu(m) 
200 
- 
ns 
Slave 
tsu(s) 
200 
- 
ns 


7 
Data Hold Time (Inputs) 
Master 
th(m) 
200 
- 
ns 
Slave 
thlsl 
200 
- 
ns 


8 
Access Time (Time to Data Active from High-Impedance 
State) 
Slave 
ta 
0 
250 
ns 


9 
Disable Time (Hold Time to High-Impedance 
State) 
Slave 
tdis 
- 
500 
ns 


10 
Data Valid 
Master (Before Capture Edge) 
tv(m) 
0.25 
- 
lcyc(m) 
Slave (After Enable Edge)" 
tv(s) 
- 
500 
ns 


11 
Data Hold Time (Outputs) 


Master (After Capture Edge) 
tho(m) 
0.25 
- 
!eyc(m) 
Slave (After Enable Edge) 
tholsl 
0 
- 
ns 


12 
Rise Time (20% VDD to 70% VDD, CL=200 pF) 
SPI Outputs (SCK, MOSI, and MISOL 
trm 
- 
200 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
trs 
- 
2.0 
•••• 
13 
Fall Time (70% VDD to 20% VDD, CL=200 pF) 
SPI Outputs (SCK. MOSI, and MISOL 
tfm 
- 
200 
ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 
tfs 
- 
2.0 
•••• 


'Signal 
production 
depends on software. 
"Assumes 
200 pF load on all SPI pins. 


• 
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MOTOROLA MICROPROCESSOR DATA 
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1 


OSC1· • 
3:0 
-40:u0 
> 
Internal 
Processor 
3: 
Clock- 
(') 
Co) 
:u 
ID 
0 
Internal 
Co) 
'1l 
en 
:u 
Address 
0 
Bus· 
C')m 
Ul 
Ul0 
Internal 
:u 
0 
Data 


~ 
Bus· 
» 


RESTI 


• 


I 
VOO Threshold 11-2 V Typicall 
I 
I 
1~""""{z~Z~/ /~//~Z~II~Z~71~7Z~Z~71~Z~71~7Z~Z~ZZ~/~/ 
/~71~Z~II~/~ZZ~/~71~71~Z~II~Z~7Z~/ 
/~/~//~/~//-r-r-I/ 
I 
I 
I 'oxov 
4064 'cyc I 
I 
I 
I 
!- T 
.~ ~Yc-1 


• Internal timing signal and bus information 
not available externally 


··OSCl 
line is not meant to represent frequency. It is only used to represent time. 


• • • The next rising edge of the internal processor clock following 
the rising edge of ~ 
Initiates the reset sequence 


The following 
information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following 
media: 


MDOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s)2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE 
DISKS 
A flexible 
disk 
(MS-DOS/PC-DOS 
disk file). 
pro- 
grammed 
with the customer's 
program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 


In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MS·DOS/pc·DOS 
Disk 
File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM" Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K)double-sided 51/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's 
program 
(positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 68766 EPROM device, the EPROM must be 
programmed as described in the following 
paragraph. 


Start the page zero, user ROM at EPROMaddress $0020 
through $004F. Start the user ROM at EPROM address 
$0100 through $1EFFwith vectors from $1FF4to $1FFF. 
All unused bytes, including the user's space, must be set 
to zero. 
To use a 2764 or 6874 EPROM or the EEPROM in an 
MC68HC805C4,two are required. Start the page zero user 
ROM data at EPROMor EEPROMaddress $0020 through 
$004F in the first device. Start the user ROM data at ad- 
dress $0100 through $10FF in the first device. The re- 
mainder of the user ROM data should go from $0100 
through $10FF in the second device, with vectors from 


$0004 through $OOOF.The EPROM devices or EEPROM 
MCU devices should be clearly marked to indicate which 
device corresponds to which address space. 


For shipment to Motorola, EPROMs should be placed 
in a conductive ICcarrier and packed securely. Styrofoam 
is not acceptable for shipment. 


Verification 
Media 
All original pattern media (EPROMsor floppy disks) are 
filed for contractual 
purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification 
form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification 
process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION 
UNITS 
(RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. 
These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum 
order quantity, 
but are not production 
parts. 


RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C8 device. 


Package Type 
Temperature 
Me Order Number 


Plastic 
O·Cto +70·C 
MC68HCOSCSP 
(P Suffix) 
-40·C 
to +SS·C 
MC68HCOSCSCP 


-40· 
to + 10S·C 
MC68HCOSCSVP 


-4O·C to + 12S·C 
MC68HCOSCSMP 


PLCC 
O·Cto + 70·C 
MC68HCOSCSFN 
(FN Suffix) 
- 40·C to + SS·C 
MC68HCOSCSCFN 
- 4O·Cto + 10S·C 
MC68HCOSCSVFN 


- 4O·Cto + 12S·C 
MC68HCOSCSMFN 


MOOS is a trademark 
of Motorola 
Inc. 


MS is a trademark 
of Microsoft, 
Inc. 


IBM is a registered trademark 
of International 
Business Machines Corporation. 
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40-PIN 
DUAl-IN-LiNE 
PACKAGE 


RESET 
1 
VOO 


if«j 
OSCl 


NC 
OSC2 


TCAP 


PA6 
P07 


PAS 
TCMP 


PA4 
POS/55 


PA3 
PD4/SCK 


PA2 
9 
P03/MOSI 


PAl 
10 
31 
P02/MISO 
• 


PAO 
11 
P01ITOO 


PBO 
12 
PDO/ROI 


PBl 
13 
PCO 


PB2 
14 
PCl 


PB3 
lS 
PC2 


PB4 
16 
PC3 


PBS 
17 
PC4 


PB6 
lB 
PCS 


PB7 
19 
PC6 


VSS 
20 
21 
PC7 


I 


t;; 
- 
N 
0.. 


<0""" 
ouu< 
<c<uUI~~ 
OV)fJ')UU 
o..o..ZZ_a:>OOt-Z 


PAS 
7 


PA4 
PA3 
PA2 
PAl 
PAO 


PBO 
PBl 
PB2 
PB3 
PB4 


23 
u:£:t::ii 
",uD8~<Hl 
zo..o..o..,g'zo..o..o..a..a.. 


40 


39 
P07 


TCMP 
PD5/55 
PD4/SCK 
P03/MOSI 


P02/MISO 
POl/TOO 
PnQ/ROI 


PC-O 


PCl 
PC2 
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